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ABSTRACT 
 
 
Current curriculum documents used by science educators in their teaching practice require 
them to establish partnerships that link the school, community and work place (Queensland 
Department of Education, 2005). Science educators can set up their students to become 
lifelong learners by making links between the science they are teaching and the practical 
applications of science in the world around them.  Science taught by making these links 
increases the relevance for the science educators and their students and makes the learning 
experience authentic (Matters, 2006). Expert science educators are able to inspire their 
students to become inquisitive about science and encourage them to continue this curiosity 
and continue learning throughout their lives. 
 
 
The applied science program in the mining and mineral processing industries offers an 
opportunity for a real-life experience.  The applied science is authentic and real-life 
examples from the industries can be used by science educators in their suite of teaching and 
learning experiences for their students.  However, there is a need for science educators to 
confidently teach the applied science related to the mining and mineral processing industries 
and this is why professional development programs have been established in response to the 
established deficiency.   
 
This research study examines a variety of science educators who attended professional 
development programs about the mining and mineral processing industries.  The research 
study investigated the science educators’ ability to apply their content knowledge of the 
applied science associated with the mining and mineral processing industries to the 
curriculum documents and in doing so whether they had a change in attitude about the 
mineral and mining process industries.  A mixed method approach was used to collect 
primary data.  This included qualitative data collected using the feedback survey which then 
informed the next step of data collection, being the clarification tool.  This data collection 
tool comprised of follow-questions, interviews and documentation of science educators as 
they wrote the teaching resource.    
 iii 
 
The primary data collected form the science educators who attended the professional 
development programs showed that the science educators were able to report a change in 
their content knowledge of the mining and mineral processing industries. Further, they were 
able to apply their knowledge of the mining and mineral processing industries to the science 
curriculum documents and they reported a change in their attitude towards the mining and 
mineral processing industries.  The science educators were also able to form professional 
networks with researchers and scientists working in the mining and mineral processing 
industries for the duration of the program. However, when the professional development 
program concluded, the professional partnerships that had been established during the 
program did not continue. 
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CHAPTER ONE 
 
INTRODUCTION AND OVERVIEW 
 
 
1.1 INTRODUCTION 
 
Science curriculum should be relevant to all students and, as changes occur to 
curriculum documents, relevance to students must remain.  The science curriculum in 
Australia has always been in a state of change.  However, the changes have intensified in 
the last 20 years.  Recently, a number of significant changes have taken place in science 
education including the outcomes-based approach and then the more recent “Essential 
Learnings” approach.  The national implementation of the Australian Curriculum is the 
latest change that science teachers are now experiencing.  At the time of writing, all 
states in Australia had actioned the Australian Curriculum documents in junior science.  
However, at the time that the primary data were collected for this research study, while 
the decision to implement the Australian Curriculum had been made, the Australian 
states had only progressed as far as planning for its implementation.  Now (September, 
2014), the Australian Curriculum for the senior science subjects of biology, chemistry, 
earth and environmental science and physics has been approved and preparation is 
underway for the implementation of these subjects in the senior years of schooling.  
Even in this constant climate of change, science teachers still endeavour to engage their 
students in real-world science learning experiences by providing them with authentic 
examples to enhance the content of the subject that aligns with the new curriculum.   
 
The embedding of authentic science content knowledge in science lessons engages 
students in learning.  If teachers are able to embed authentic examples of science from 
the real-world and link these examples to science content in the new curriculum, their 
students can benefit from this exposure.   
 
Also, the new curriculum allows for the inclusion of the work that scientists as 
individual scientists do. The actual scientists working on the authentic examples can also 
be included and highlighted in the new curriculum.  This gives students a direct window 
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to the scientists and the way they work.  Students who engage in science in this way may 
even consider choosing science as a viable career in the future.  
 
To enable science teachers to continue to confidently provide authentic learning 
experiences in a climate of change, science teachers often seek out professional 
development programs to cater for their own learning needs.  As science teachers are 
expected to adapt to continual changes in curriculum, support in the form of professional 
development is always welcome.  
 
This research study focuses on data collected from science educators who participated in 
professional development events about real-world science (specifically, the mining and 
mineral processing industries).  It investigates how they used the content knowledge 
derived from the professional development programs to make their science teaching 
relevant for their students, even when the curriculum documents were changing.   The 
research study also collects data about the science educators’ attitudes towards the 
mining and mineral processing industries.  Finally, the science educators interacted with 
scientists and researchers working in the mining and mineral processing industries in the 
course of the professional development programs.  These professional interactions are 
examined.     
 
This research study contains a wide depth and scope of data.  It was collected from three 
different professional development programs about the mining and mineral processing 
industries and the associated science content practised within those industries.  Further, 
the professional development programs were delivered by three different professional 
development providers.  Two were Australian professional development programs and 
one was from overseas (the United States of America).  These programs were similar as 
they focused on science content knowledge about the mining and mineral processing 
industries and developed the linkage to science content in the science curriculum 
documents.  The participants were science educators who self-selected to attend the 
professional development events.  Another element that also added to the depth and 
scope of the data was that the participants came from primary and secondary schools in 
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both public and private sectors.  So, the data were drawn from science teachers 
participating in professional development who came from a variety of backgrounds.  
This provided a rich data set for analysis.   
 
Data for this research study data were collected using a variety of methods.  Initially, it 
was collected from the participants of the professional development programs using the 
Feedback Survey.  These data were examined and further data were collected using 
qualitative data collection tools.  Consequently, both quantitative and qualitative data 
collection methods were used in a mixed method approach and this enabled a detailed 
examination of the data to be conducted and it also enabled assertions to be drawn. 
 
1.2 RATIONALE FOR THE RESEARCH STUDY 
 
This research study built on previous findings involving professional development of 
science teachers.  However, it extended previous work as it focuses specifically on 
professional development programs delivered by different providers about the mining 
and mineral processing industries.  It draws new associations between these professional 
development events and the teachers’ content knowledge of the mining and mineral 
processing industries and also examines the professional interactions between science 
educators and scientists working in these industries.  The research study used data 
collected by both quantitative and qualitative data collection methods and developed into 
a mixed method data collection approach as the study progressed.  This enabled the 
researcher to drill down into the data sets and draw meaning from them during the 
analysis stage of the research. 
 
Given that both human and financial resources are directed to the professional 
development of science educators in the content-rich area of the mining and mineral 
processing industries, it is desirable to research how teachers benefit from the 
professional events that they attend.  Therefore, the overall aim of this thesis was to 
determine the outcomes of professional development programs in the mining and 
mineral processing industries for science teachers.  
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1.3 INFLUENCES THAT FORM THE BACKGROUND TO THE 
RESEARCH STUDY 
 
There were two main influences on this research study that informed how the 
professional development for science educators should be conducted in the first place.  
The first influence was the decline in the numbers of students studying science in 
secondary and tertiary educational institutions and the follow-on effect of the decline in 
the number of scientists and researchers.  This was particularly evident in the mining and 
mineral processing industries (Churach, 2004a). 
 
The second influence was the changes that were happening in the science curriculum 
and the recognition that, to engage students in learning about science and keep them 
studying science, the science needed to be authentic and related to the real-world 
(Spotlight on Science, 2003).  The proposition was that this approach could encourage 
science students to consider careers in science and in the mining and mineral processing 
industries.  The professional development programs studied in this research program 
were provided for science educators to enable them make links between the science 
content knowledge from the mining and mineral processing industries and the 
curriculum documents.   
 
1.3.1 Recent Changes in the Science Curriculum   
 
One of the most significant changes for science educators in Australia is the 
development and implementation of the Australian Curriculum.  Previously, all 
Australian states had their own separate curriculum documents, so this was a major 
change for all teachers.  In 2009, the National Curriculum Board published a framing 
paper called the Shape of the Australian Curriculum: Science (National Curriculum 
Board, 2009) in preparation for the writing of the Australian Curriculum documents.  
The paper was prepared after analysis of extensive feedback from stakeholders in 
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Australia and from recent Australian and international science education research.  Its 
purpose was to guide the writing of the Australian Science Curriculum K – 12 
curriculum documents and to form the basis for the planning, teaching and assessing of 
school science within Australia.  The Shape of the Australian Curriculum: Science 
(National Curriculum Board, 2009) paper acknowledged that the Australian Curriculum 
would have an impact on the way science teachers deliver the curriculum in the future.   
In particular, the paper recognised that the impact would be significant because it 
focused on improving school science learning and it acknowledged that students have 
different learning needs and interests and that students need to be engaged in science 
learning in meaningful ways.  In the introduction this paper states:  
 
The Australian science curriculum will provide the basis for learning science that 
will engage students in meaningful ways and, with the support of teachers, help 
them to develop their science understanding so that they can function effectively in 
a scientifically and technologically advanced society.  (National Curriculum 
Board, 2009 p.4). 
 
By engaging students and providing authentic science and scientific examples, this 
enables student engagement and a place is provided in the Australian Curriculum 
documents to embed content knowledge about the mining and mineral processing 
industries.  Further, the Shape of the Australian Curriculum:  Science (National 
Curriculum Board, 2009), drew attention to the importance of pathways to employment 
and the role that science education plays:  
 
As well as preparing students to use science for life and active citizenship, school 
science should also provide a foundation for specific learning pathways leading to 
science and engineering courses at university and technical and vocations 
education and training.  Senior secondary science opens up a wide range of careers 
in engineering, technology, medical and health professions, as well as careers in 
science and education.  (National Curriculum Board, 2009 p.4). 
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This research study examine the content-rich professional development programs for 
science educators engaged in implementing aspects of the Australian Curriculum 
documents that focus on the applied science of the mining and mineral processing 
industries.  Importance is attached to investigating the science educators’ attitudes about 
these industries and whether they would recommend the careers in this industry to their 
students.  This research study acknowledges the influences of the preparation for the 
implementation of the Australian Curriculum and determines to collect and analyse 
associated data from the professional development programs about the mining and 
mineral processing industries that were being delivered to science educators during this 
time of change. 
 
Guided by the Shape of the Australian Curriculum:  Science (National Curriculum 
Board, 2009), the Australian Curriculum – Science (Foundation to Year 10) document 
has been written and staggered-implementation has occurred across the Australian 
States.  This document is organised into these three interrelated strands: Science 
understanding, Science as a human endeavour and Science inquiry skills.  Science 
understanding and Science as a human endeavour are the content strands while Science 
inquiry skills is the process strand.  A set of sub-strands sits under each strand.  Table 
1.1 below shows an overview of the organisation of the strands and sub-strands. 
 
Table 1.1 
An Overview of the Australian Curriculum:  Science  (ACARA, 2010) 
 
Science understanding Science as a human 
endeavour 
Science inquiry skills 
Biological sciences 
 
Chemical sciences 
 
Earth and space sciences 
 
Physical sciences 
Nature and development 
of science 
 
Use and influence of 
science 
Questioning and predicting 
 
Planning and conducting 
 
Processing and analysing 
data and information 
 
Evaluating 
 
Communicating 
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While the Australian Curriculum – Science (Foundation to Year 10) document gives 
scope for science teachers to give their students a solid foundation in science, it also 
provides many opportunities for them to engage their students in authentic learning 
experiences that can be applied to the mining and mineral processing industries.  First, in 
all of the Science understanding sub-strands of Biological sciences, Chemical sciences, 
Earth and space sciences, and Physical sciences, the scientific content knowledge of 
energy resources, mining, the mining processes and rehabilitation and associated 
ecological issues can be addressed.  Secondly, Science as a human endeavour strand 
provides scope for stewardship, ethical issues and careers associated with mining 
practice.   Finally, all the sub-strands in Science inquiry skills can be related to the 
mining and mineral processing industries by providing opportunities for students to 
process and analyse authentic primary and secondary data and information generated 
from the mining and mineral processing industries, evaluate it and communicate that 
information. 
 
At the time of writing (2014), the Australian Curriculum documents for junior science 
have been implemented, but not as yet in the senior science subjects.  Currently, senior 
science teachers are teaching from senior State science syllabuses, however, preparation 
is underway for the planned implementation of the Australian Curriculum senior science 
subjects.  The Australian Curriculum, Assessment and Reporting Authority (ACARA) 
has now released the curriculum documents for the senior Australian Curriculum 
Science subjects in readiness for the Australian states to implement.  The senior science 
subjects to be implemented are, biology, chemistry, earth and environmental science and 
physics.  Interestingly, the science concepts in the junior science content strands make a 
smooth transition to the senior science subjects (except for the senior Earth and Space 
Sciences in junior and Earth and Environmental Science).  When the Australian 
Curriculum documents for the senior science subjects are implemented, the science 
teachers will need to be aware of this and make the appropriate adjustments for the 
seamless implementation for their students.   
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In spite of this, the Australian Curriculum documents for senior science offer further 
opportunities for in-depth study of the content associated with the mining and mineral 
processing industries.  While the senior chemistry and senior physics subjects avail 
themselves for teachers to use examples of applied science from the mining and mineral 
processing industries, the new senior subject, Earth and Environmental Science is best 
placed for this role.  This new subject will offer specific opportunities for teachers of 
this subject to engage their students in authentic leaning opportunities about the mining 
and mineral processing industries.  For example in Unit 3:  Living on Earth – extracting, 
using and managing Earth resources the unit description states: 
 
Earth resources are required to sustain life and provide infrastructure for living 
driving ongoing demand for biotic, mineral and energy resources.  In this unit, 
students explore renewable and non-renewable resources and analyse the effects 
that resource extraction, use and consumption and associated waste removal have 
on Earth systems and human communities.  (ACARA, 2013 p.3). 
 
Therefore, this unit description outlines the topic that will be taught in this unit and 
makes way for the explicit teaching of science content knowledge in the mining and 
mineral processing industries.   
 
Presently, as the Australian Curriculum has not been implemented in the senior school to 
date, state education departments using their state-based syllabuses continue to 
encourage senior science teachers to provide authentic examples that relate to real 
science.  This will continue to make the curriculum relevant to students in the interim 
before the implementation of the senior Australian Curriculum documents.  
 
The change to the Australian Curriculum is part of a major change to the Australian 
education scene.  Change has always been a constant and teachers are required to adapt 
to change.  Practising science teachers are required to respond to this fluid educational 
climate and are required to accommodate the greater pedagogical and content-
knowledge demands created by the Australian Curriculum.  Science teachers need to 
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have adequate content knowledge to confidently meet these demands and professional 
development programs can assist teachers to do this. 
 
1.3.2 Shortage of Skilled People in the Mining and Mineral Processing Industries 
 
In parallel with the changes occurring in science education and the implications that the 
changes have for teachers, fewer students are choosing to study physical sciences at the 
secondary level.  The supply of young science graduates gaining academic credentials in 
that science, technology, engineering and mathematics needed to maintain a qualified 
workforce has dwindled (Bartier et al., 2003; Churach, 2004b).  Further, the Australian 
mining and mineral processing industries have an increased demand for bright, qualified 
young people seeking research and leadership careers with in the industry.  This has lead 
to a shortage of skilled people in the mining and mineral processing industries (Churach, 
2005). 
 
The need for improving science education has been identified, and governments 
throughout Australia are making commitments to ensure students have access to high-
quality science education.  This includes exposing students to complex, real-world 
problems in both industry and research institutions (Spotlight on Science, 2003).  
Government and industry-funded professional development programs provided for 
science educators gives them the tools to incorporate a realistic view of the mining and 
mineral processing industries into their science lessons.  This may go some way towards 
addressing the issues of:  a) fewer students studying physical sciences, and b) the mining 
and mineral processing industries requiring more students trained in these areas.   
 
In general, teachers are held in high regard by their students and have influence over 
their students.  This means that science teachers are well positioned to positively 
influence their students’ attitudes towards science.  They also can encourage them to 
consider science careers that could include careers in the mining and mineral processing 
industries (Churach & Rickards, 2003).  Over a period of time, it would seem natural for 
teachers to gradually integrate their knowledge about the mining and mineral processing 
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industries, gained from professional development events, into their teaching program.  
As a result, it would be expected that this should have a positive impact on their 
students’ perceptions of the mining and mineral processing industries.  Increased 
positive outcomes occur when career options become infused into the curriculum, rather 
than teaching them as separate items. Accordingly, at the same time, professional 
development for teachers should be provided to accommodate this approach (Millar, 
1995; Churach & Rickards 2006).   
 
1.4 PARTICIPANTS IN THE RESEARCH STUDY 
 
There is also a need for science teachers to confidently teach applied science and outline 
its links to industry.  Science teaching that makes these links increases the relevance for 
teachers and their students, and makes the learning experience authentic (Matters, 2006).  
However, teachers cannot engage their students if they do not have industrial knowledge 
themselves.  If science teachers attend “real world” professional development events 
(including industrial laboratory work and field trips) that are aimed at increasing their 
knowledge of industry practices, it will help them to build their confidence (Nichols, 
2009). 
 
The science educators who contributed to the research study came mainly from 
education systems within Australia.  However, there was one international cohort from 
the USA.  In Australia, the science educators came from both the public and private 
sectors and from both primary and secondary schools within those sectors.  This gave 
the first level of diversity to the research study.  Additional diversity came from the 
USA teachers who contributed to the research study.  Not only did they come from an 
education system that was very different to those within the Australian states, they came 
from a different multi-cultural country.  Also, the USA cohort included teachers from 
across the elementary, secondary and tertiary sectors.   This gave the study a truly 
international, and quite diverse, character.   
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All the teachers in the research study self-selected to participate in a professional 
development program and they each attended one or more of the professional 
development events that made up that program.  All the professional development 
programs targeted both content knowledge about the mining and mineral processing 
industries and how that knowledge could be incorporated into authentic educational 
experiences in the science teachers’ classrooms. 
 
1.5 THE RESEARCHER’S PERSONAL EXPERIENCE AND ROLE IN THE 
RESEARCH STUDY 
 
As a science educator myself, I took on the role of researcher for this research study.  
The content of the study and my practical experience in schools was familiar to me and I 
was comfortable in this role.  Also, I had lived in mining towns and developed a network 
of professional colleagues there.  This allowed me to gain inside knowledge into the 
science-related aspects of the mining and mineral processing industries.  Further, 
because of my links in both these areas, I had the access I needed as a researcher to 
collect the required data.  This then enabled me to interact freely with a) the professional 
development providers who were aiming to increase content knowledge about the 
mining and mineral processing industries, b) the industries themselves and c) the science 
educators who participated in the professional development programs. 
 
Before I embarked on this research project, I had administrative involvement in 
professional development programs for science educators.  My skills were enhanced 
during completion of my Master of Science degree.  During this post-graduate degree 
program, I started gaining research skills specific to science education.  I then applied 
these skills to a number of government-funded professional development projects for 
science educators, including the Australian Government Quality Teacher Program 
(AGQTP) and the Department of Education, Science and Training (DEST) science and 
literacy project.  In both of these projects, I worked in partnership with Central 
Queensland University and my roles included: 
 leading several clusters of science teachers;  
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 designing professional development events for professional development 
programs;  
 collecting primary data from participants; 
 working with university staff to analyse the data; and 
 co-authoring the report on the success of the work done with the science teacher 
clusters. 
 
The skills that I developed from these experiences enabled me to take on the role of 
researcher in this research project. 
 
In this research study, as the researcher, I began by gaining an insight into the 
professional development events that were being run during the roll-out of the 
professional development programs in Australia.  These professional development 
events included workshops and field trips.  At this time I interacted with the participants 
and, at the end of the professional development events, I administered the Feedback 
Survey quantitative data collection tool. 
 
I had a greater role in the Queensland Centre for Advanced Technologies (QCAT) and 
Education Queensland.  The QCAT/Education Queensland professional development 
programs.  Initially, I attended the professional development events and interacted with 
the professional development providers and participants and administered the Feedback 
Survey.  But, as time progressed, I was invited to give input into the professional 
development program.  I was able to offer advice about moving the professional 
development events from workshop-style sessions and field trips to linking the science 
content knowledge to the curriculum documents and providing a climate for the teachers 
to develop a teaching resource based on the content knowledge that they had gleaned 
from the professional development events.  As a researcher, I followed this journey with 
the science educators and documented it as qualitative data for this research study. 
 
The Colorado Mining Association Education Foundation and Colorado School of Mines 
Office of Special Programs and Continuing Education was the only professional 
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development in which I had no input.  On a research tour in 2005, I met with the 
professional development providers in these USA organisations and they agreed to 
administer the Feedback Survey for me at their professional development events and 
then they sent me the completed surveys so that I could collate the data and analyse it. 
 
1.6 RESEARCH QUESTIONS 
 
Churach (2005) identified that, in the Australian mining and mineral processing 
industries, there was a gap between the number of vacant positions and the number of 
qualified people to fill these positions.   This led Churach (2005) to propose and then 
implement, on-going professional development programs for secondary science teachers 
to address the issue in their role as teachers.  Once the science teachers understood the 
science content knowledge involved in the mining and mineral processing industries, 
they could influence their students (Churach & Welham, 2007).  Further, Churach 
(2005) argued that this was a method that could influence a broader range of people to 
fill the available positions in the mining and mineral processing industries.  The Centre 
for Sustainable Resource Processing (CSRP) pioneered this professional development 
project and data were collected from the participants via the Feedback Survey.   
 
This research study acknowledges Churach’s original research and extends it by 
continuing to investigate the CSRP professional development program.  This was done 
first, by including two other professional development programs that also focused on 
increasing science educators’ science content knowledge about the mining and mineral 
processing industries.  These were the Colorado Mining Association Education 
Foundation/Colorado School of Mines Office of Special Programs and Continuing 
Education and the QCAT/Education Queensland professional development programs.  
Secondly, the data collection method was expended from merely using the Feedback 
Survey tool, to include a range of qualitative data collection tools that enable meaning to 
be drawn from the quantitative data collected via the Clarification Tool.  The 
Clarification Tool is a device that I developed that is used to collect additional data so 
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that the quality of the responses from the participants in the development events can be 
analysed. 
 
The first research question investigated in this research study is: 
 
1. Is a mixed method approach using the Feedback Survey and the Clarification 
Tool a valuable and useful way to collect primary data from science educators 
attending professional development programs about the mining and mineral 
processing industries? 
 
The second research question addresses the purpose of the professional development 
programs.  The professional development programs were content-rich in the applied 
science that is associated with the mining and mineral processing industries.  The aim of 
these programs was to increase the science educators’ content knowledge of the mining 
and mineral processing industries so that they could use this content knowledge in their 
science classrooms.  After the professional development program, the science educators 
who attended were invited to complete the Feedback Survey. 
 
This Feedback Survey tool enabled the researcher to investigate the second research 
question, which is: 
 
2. Can science educators report a change in their science content knowledge about 
the mining and mineral processing industries after targeted professional 
development in that area? 
 
The professional development programs not only provided the science educators with 
content knowledge about the mining and mineral processing industries, they also link 
this applied science content knowledge to the curriculum documents.  The science 
educators could then use this applied science content knowledge in their own science 
classrooms and provide their students with authentic examples from the mining and 
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mineral processing industries.  So the research study investigated the science educators’ 
ability to apply their learnings in a practical way using the Clarification Tool. 
 
The third research question is:  
 
3. Are science educators able to apply their knowledge of the mining and mineral 
processing industries to science curriculum after their engagement in 
professional development programs about science content in the mining and 
mineral processing industries? 
 
Because the professional development programs were content-rich and because they 
were specifically about the mining and mineral processing industries, teachers may have 
changed their attitude towards these industries during their learning process.  This 
research study investigates this proposal by using the Feedback Survey.  Further, the 
teachers may also influence their students as they have gained knowledge about the 
mining and mineral processing industries themselves. 
 
The fourth research question is: 
 
4. Can science educators report a change in their attitude towards the mining and 
mineral processing industries after participation in a content-rich professional 
development program about the mining and mineral processing industries? 
 
Central to the design of the professional development programs was the platform for 
researchers and scientists working in the mining and mineral processing industries to 
interact professionally with the science educators participating in the professional 
development programs.   During the course of the professional development programs, 
the researchers and scientists presented lectures and workshops, conducted tours and 
field trips and made themselves available for informal interactions with the science 
educators.  The intention was for the professional relationships developed during the 
professional development program to continue after the program ended. 
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The fifth research question is: 
 
5. Are science educators able to form professional networks with researchers and 
scientists working in the mining and mineral processing industries? 
 
1.7 ORGANISATION OF THE THESIS 
 
This thesis is organised into five chapters.  Chapter One introduces the thesis and 
outlines the research questions.  It describes the changing nature of science education 
and the science educators’ responses to the changes, including the need to embed 
authentic learning experiences into their teaching practice.  Details of the professional 
development programs and their rationale for implementation are given.  The 
researcher’s position in the research project is also identified and discussed. 
 
A literature review is detailed in Chapter Two.  It outlines previous studies into the 
complex role that professional development plays in keeping practicing science 
educators abreast of the changes in curriculum and practice.  It also outlines the attempts 
governing bodies have made to address the professional development needs of science 
educators in a climate of change.  Reports commissioned by government departments, 
including studies involving the researcher’s participation, are also outlined to show the 
progression of findings that influenced this research study.  Further, research into the 
cyclic nature of the mining and mineral processing industries, along with attempts to 
address the need for qualified people to work in these industries is identified and 
explored.  When the issues of effective professional development for science educators 
and the people shortage in the mining and mineral processing industries are examined 
together there is scope for research into this topic.  The literature review demonstrates 
that there is a deficiency in the research about professional development for science 
teaching involving applied science in the mining and mineral processing industries.  In 
particular, there is a gap in knowledge about the ability of science educators to link the 
applied science to their curriculum documents.  Further, after they have attended a 
relevant professional development event, it is not known whether or not science 
 17 
educators recommend careers in the mining and mineral processing industries to their 
students.   
 
Chapter Three outlines the methodology used in this research study.  Along with 
descriptions of the professional development providers, detailed descriptions of the 
professional development programs are given.  The reason that both quantitative and 
qualitative data were collected in a mixed method approach is explained.  A model of 
the methodology used in this research study is depicted diagrammatically to outline the 
data collection process.   
 
It is important to understand that the methodology for this research study was flexible 
and it developed and changed as the professional development programs were being 
rolled out to the science educators.  However, the common thread to this research study 
is that all of the science educators who attended the professional development events 
completed the Feedback Survey.  However, the one group of science educators who 
participated in the Queensland Centre for Advanced Technologies (QCAT) also 
provided additional qualitative data for the study.  These data were in the form of the 
Clarification Tool which consisted of follow-up questions, interviews and time-lines.  
Finally, a small group of teachers was followed as they took the content knowledge they 
had obtained from the professional development events to create a resource to be used 
by other teachers.  The interviews from these teachers and the analysis of the resource 
complete the data set and enabled the research questions to be examined in detail.   
 
Following a detailed description of the methodology used in this research study, Chapter 
Four presents the results from this research study.  The research questions are addressed 
by presenting the quantitative data from the Feedback Survey and then the qualitative 
data was used to give explanations about the shifts in average differences in this data.  A 
richer understanding of the data was achieved in the findings by using this method and it 
was shown to be valid and useful.  The conclusions gained by using this method enabled 
science educators to report a change in their content knowledge about the mining and 
mineral processing industries.  It also enabled them to report an ability to apply their 
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content knowledge of the mining and mineral processing industries to the curriculum 
documents.  Further, the science educators were able to report a change in attitude 
towards the mining and mineral processing industries.  Finally, while supported, the 
science educators and scientists were able to form professional relationships. 
 
Chapter Five concludes this research study and offers recommendations.  Each research 
question is revisited and addressed.  The recommendations for further research into areas 
that have been exposed in this research study are also identified. 
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CHAPTER TWO 
 
LITERATURE REVIEW 
 
 
2.1 INTRODUCTION 
 
Chapter one details the constant changes that have occurred in science education 
over the recent years and the impact that this has had on science teachers as they 
attempt to accommodate these changes in their teaching practice. As well as changes 
in curriculum documents, the Australian Teacher Performance and Development 
Framework (2012) has been developed to improve the quality of teaching in 
Australia.  Despite these changes, science teachers endeavour to ensure that their 
teaching remains challenging and engaging for their students while including 
authentic examples of the latest scientific technological discoveries and applications 
in their classes to ensure that their teaching is relevant.   Content-rich professional 
development programs about the mining and mineral processing industries were 
devised to provide opportunities for science teachers to attend and learn about the 
industry links to the science curriculum. These professional development programs 
provided links to curriculum documents and scientists and researchers working in 
those industries.  After the professional development programs, the science educators 
gained a suite of examples from the mining and mineral processing industries that 
they could use in their delivery of the science curriculum.  
 
This research study collected data from the participants of the professional 
development programs using a mixed method data collection approach.  Following 
this, there were three requirements in analysing the data. The first requirement was to 
determine if there was a change in the science educators’ content knowledge of the 
mining industry and mineral processing industries and if they were able to apply 
their knowledge of the mining and mineral processing industries to curriculum 
documents.  The second was to identify the science educators’ views of the mining 
and mineral processing industries as science teachers have an influence on their 
students.  Finally, the research study was designed to determine whether professional 
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networks were formed between the science educators and the scientists working in 
the mining and mineral processing industries. 
 
In this chapter, the theoretical background for this research study is investigated 
through a literature review.  This includes an assessment of the present state of 
science teaching in Australia and the recommendations that have been made 
regarding professional development for science educators.  Previous studies and the 
findings about addressing science teachers’ content knowledge are presented, 
together with professional development model for content-rich professional 
development programs. Because it is where the professional development programs 
were conducted, the chapter then focuses specifically on the mining and mineral 
processing industries and examines the science teacher’s role in addressing the issues 
raised.  There is a gap in the literature where there is a lack of content-rich 
professional development about the mining and mineral processing industries and the 
use of a mixed method data collection approach to determine change.  This gap is 
also highlighted in this chapter.   
 
This is an important consideration as, during the roll out of the implementation of the 
Australian Curriculum, science teachers will be called upon to teach the Earth and 
Space Sciences in junior science and Earth and Environmental Science in senior 
science.  There may be a lack of qualified science teachers to fulfill this teaching 
role. 
 
 
2.2 THE NEED FOR ONGOING PROFESSIONAL LEARNING FOR 
SCIENCE EDUCATORS TO FULFILL THEIR CHALLENGING 
ROLE 
 
The role of a science teacher is varied and complex.  Not only is a science teacher 
required to have an in-depth content knowledge and the associated pedagogy of their 
subject area, but they also are required to carry out administrative and pastoral care 
roles.  Education Queensland outlines what is expected of teachers employed in its 
system in a document stating their role descriptions (Education Queensland, 2013).  
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This makes it very clear on what is expected of teachers as they step into the 
classroom and start teaching.   
 
In Australia, the National Framework for Professional Standards for Teaching 
(Teacher Quality and Educational Leadership Taskforce, 2003) recognises the 
ongoing need for teachers to continue their learning and embodies this concept in the 
standards at a national level.  Professional knowledge, professional practice, 
professional values and professional relationships are all acknowledged as 
interdependent and overlapping categories that are common and recognisable 
professional elements.  The National Framework for Professional Standards for 
Teaching (Teacher Quality and Educational Leadership Taskforce, 2003) states:  
 
Teachers know and understand the fundamental ideas, principles and structure 
of the disciplines they teach.  They know and understand the links to other 
content areas and are able to integrate learning across and between content 
areas.  They know how to effectively teach that content, and understand the 
prompts and barriers to learning likely to be encountered by students.  (p 11).  
 
The National Framework for Professional Standards for Teaching (Teacher Quality 
and Educational Leadership Taskforce, 2003), requires teachers to continue their 
learning throughout their teaching career, additional specific learning may be 
necessary in the science content areas where there is a deficit in the teachers’ content 
knowledge.   
 
As well as having a strong content knowledge base in their chosen field, there is a 
complexity in the role that relates specifically to science educators.  Rodrigues 
(2005) acknowledges this complexity and lists the requirements that effective science 
teaching practice is expected to fulfill.  Science teachers are required to: 
 
 understand and effectively interpret the curriculum;  
 have a repertoire of pedagogical strategies;  
 value student experience and expertise;  
 possess subject content knowledge and the associated pedagogy; and  
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 understand the notion of progression.   
 
To maintain all that is expected of them in their role, science teachers cannot expect 
that their pre-service university course will sustain them at this aspirational level.  
They will need to embark on a learning journey themselves as they progress through 
their teaching career. 
 
Further, this professional learning journey is a continuous and ongoing process 
where learning occurs at different levels and rates throughout a teacher’s career.  The 
Professional Standards for Teachers (Queensland Department of Education, 2005) 
states that teacher commitment to reflective practice and professional renewal 
underlines the ongoing contribution teachers make to the teaching profession.  So, 
not only do teachers need to recognise that professional learning is important, 
systems recognise this as well.  But, ultimately teachers need to be responsible for 
their own learning and monitoring of their professional learning needs. (Australian 
Institute for Teaching and School Leadership, 2014).   
 
School curricula are designed to assist students to become lifelong learners  
(Queensland School Curriculum Council, 1999).  However, science educators also 
need to become lifelong learners themselves to help maintain what is expected of 
them in their complex role.  Teachers can draw on the prior knowledge that they 
have obtained through their university courses.  However, further learning about the 
content of their subject and its associated pedagogical practice is a means to deepen 
their pedagogical content knowledge (PCK) of science (Schulman, 1987).   Further, 
Smith and Neale (1989) state that, for teachers to demonstrate high levels of PCK, 
they must have sufficient content knowledge of the subject matter that they are 
teaching.   Magnusson et al., (1999) showed that there are different types of 
knowledge (including content knowledge, pedagogical knowledge and knowledge 
about context), but that these are closely related.  Science teachers hone their own 
knowledge as they progress through their career and this knowledge can be 
supported by targeted professional development. 
 
Professional development for science teachers can take many forms, but these all 
cater to the needs of the science educators. There are times when professional 
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development events may have limited aims (e.g., when a change of policy is 
introduced or an IT program is to be implemented).  Because no attempt is being 
made to shift teachers’ attitudes and beliefs, at these times a simple one-off 
professional development event can achieve the desirable outcome.  However, if 
deep-seated changes in pedagogical practices are required, a more complex approach 
is required and cannot be brought about without addressing both individuals’ 
fundamental attitudes to teaching and learning within the context of a school 
environment that values local knowledge and practices (Adey, 2004).  So, for 
professional development programs to be of intrinsic value to science teachers, they 
need to be able to incorporate their own new content knowledge and incorporate it 
into their pedagogical practice.  However, they also need to attend to the other 
system requirements and participate in professional activities with limited aims to 
fulfill their stated role description. 
 
 
2.3 ADDRESSING PRE-SERVICE CONTENT KNOWLEDGE OF 
SCIENCE EDUCATORS IN AUSTRALIA 
 
Science teachers gain the deep understanding of the content of their subject in pre-
service preparation for teaching in their university degrees.  There is no single, direct 
entry into science teaching in Australia.  Teachers who want to teach science enter 
the profession from a variety of backgrounds.  Some teachers have a science degree 
while others study science as part of an education degree.  As a consequence, the 
science content knowledge of science teachers varies from the start and this depends 
on the path that they choose to enter the teaching profession.  This has had a direct 
impact on both the quantity and quality of science content knowledge that teachers 
currently teaching science have.   
 
In their report commissioned for the Australian Council of Deans of Science, Harris 
et al. (2005) examined the characteristics of teachers currently teaching science in 
Australian secondary schools.  Because of the type of survey and the amount of data 
generated, this was a significant study.  Responses were received from 1207 teachers 
across multiple sectors (namely from government, Catholic and independent 
schools).  The number of participants was estimated to be a representation of 9% of 
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the science teachers in Australia.  Most participants surveyed reported that they held 
‘science based’ degrees (72%) while 21% held Bachelor of Education degrees.  
 
Further, this study found that the majority of the survey respondents (85%) held a 
minor or a major in at least one of the senior science subject areas of biology, 
chemistry, physics or geology.  However, when the number of years that the 
participants studied the science subject was also considered, participants who studied 
their subject for four years or more were biology 14.0%, chemistry 9.0%, physics 
5.7% and geology 2.0%.  The science heads of department who were also surveyed 
in this study defined a major in a science discipline as the minimum satisfactory level 
for tertiary teaching.  A first year tertiary study in a particular science discipline was 
seen as an inadequate qualification for teaching science at a senior secondary level.  
Both science heads of department and teachers expressed the view that science 
teachers need strong, discipline-specific qualifications in science. 
 
The same study found that virtually all the heads of department surveyed believed 
that junior secondary school science teachers should have studied some science at 
university and half (50%) stated that first year study was insufficient.   However, of 
the science teachers surveyed who only taught junior science, nearly one in five 
(nearly 20%) had not studied biology, chemistry or physics at university.  One of the 
report’s key findings about the qualifications of science teachers was that science 
teachers who lacked knowledge in their disciple where “manifestly” unprepared.  
This situation may be amplified when the roll out of the Australian Curriculum 
senior Earth and Environmental Science subject occurs. 
 
A different study, Participation in Science, Mathematics and Technology in 
Australian Education (Ainley et al., 2008) also reported on the characteristics of the 
teaching workforce in Australia, including both science and non-science teachers.  
For science teachers, the report found that the qualifications for some of the teachers 
were not in the physical sciences, but were in science-related fields such as 
psychology and physiology.  It appeared that these teachers were recruited because 
of the shortage of appropriately qualified teachers of the physical sciences in 
Australia.  Consequently, there was a definite need for this portion of the science 
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teaching community to have their qualifications augmented by science-based 
professional development. 
 
Additionally, those teachers with physical science qualifications are required to keep 
up with research and advances in technology.  The report recommended three ways 
that science teacher expertise can be deepened, including: 
 recruiting a greater proportion of people into teaching with backgrounds in 
science; 
 enhancing the science-base of existing teachers; and 
 developing core teachers in primary schools with expertise in science. 
These recommendations support the notion that science teachers need a strong 
content base in the science areas that they teach. 
 
Science educators need a strong content knowledge base to confidently teach their 
subject area.  Ainley et al. (2008) also found that strengthening school science 
education in Australia depends on deepening teacher expertise in science.  Appleton 
(1997; 2003) highlighted this for primary school science teachers as they have a 
tendency to focus on non-science studies in their undergraduate courses.  Because 
they have not studied science extensively in their teacher preparation courses, they 
perceive that they have lack of a deep science knowledge base. This causes them to 
become reluctant in teaching science and constrains their teaching approaches.   
 
Professional development to enable these primary school science teachers to gain a 
deep knowledge base has been considered to be imperative to address the factors that 
constrain them (Appleton, 1997; Skamp, 1991).  Coolahan (2002) also states that the 
knowledge base on which a teaching career is founded had to be deepened and 
teachers need to engage in lifelong learning to address this.   
 
Goodrum et al. (2001) investigated the current status and quality of teaching and 
learning of science in Australia.  In this study, an examination of the “ideal” and the 
“actual” state of science in Australian schools was carried out.  From the report’s 
findings, recommendations were developed to close the gap between the ideal 
situation and the actual situation in Australian schools.  The research team made 
strong recommendations for improved professional development for science 
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teachers, especially by giving science teachers the “tools” to make links between 
science discipline knowledge and its real world application. 
 
It is clear that science teachers need a strong content base to effectively meet the 
demands placed on them to fulfill their complex role that includes different, but 
closely-related, science knowledge (Magnusson et al., 1999).  To do this, science 
teachers need a sound grounding in the content area of their chosen discipline at an 
undergraduate level.  If their science content knowledge is lacking due to only 
studying a science major for one year, or due to studying science related fields rather 
than the physical sciences, intervention in the form of professional development is 
desirable.  Harris et al., (2005), Ainley et al., (2008) and Goodrum et al., (2001) 
amongst other findings, all see content-rich professional development is a way that 
this could be addressed for science teachers after they enter the teaching profession. 
 
 
2.4 PROFESSIONAL DEVELOPMENT FOR SCIENCE EDUCATORS 
 
There is complexity in providing professional development for science teachers to 
cater for their learning needs and to deepen their expertise in science.  Tytler’s 
(2007) findings indicate that primary and secondary teachers of science have 
different needs and Bainer and Wright (2000) suggest that learning needs vary 
greatly between individual teachers no matter what the sector.  Therefore, 
professional development programs need to target specific teacher learning needs 
while supporting them in the process of their knowledge construction.   
 
Based on research studies, different educations systems have taken various 
approaches to teacher professional development to address current and prospective 
circumstances in science education.  Further, researchers including Hoban (1997), 
Loucks-Horsley et al., (2003) and Sparks and Hirsh (1997) have outlined best 
practices for effective professional development programs.  Adey (2004) has 
modelled factors that influence the effectiveness of professional development 
programs for teachers and he has shown that there are a number of factors or 
“blocks” involved which include:  the nature of innovation, the quality of the PD 
program, the school senior management and the department or other group.  Adey 
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(2004) also states that these blocks must be set in a positive condition to be effective 
and to cause a change in student learning.  If any one of these blocks is set 
negatively, there will be little or no effect on the teachers participating in the 
professional development programs and, therefore, on their students.  These research 
studies have lead to different delivery methods that are based on best practice and 
tailored to the professional development programs’ specific focus and aims.  This 
tackles the complex issue of teachers reflecting on their prior content knowledge, 
further-developing their pedagogical content knowledge and incorporating their new 
learnings into their own classroom practice. 
  
Over the years, issues associated with professional development have been identified 
and education systems and professional development providers have attempted to 
address them.  The Queensland School Reform Longitudinal Study (Lingard et al, 
2001) suggested that professional development for teachers can build teachers’ 
individual capacities which, in turn, builds the school’s overall capacity.   
Professional development programs have also had researchers documenting the focus 
and aims of these programs, determining whether the providers have achieved their 
stated objectives and reporting on their findings.  Reports have also been written for 
government bodies and have been used to develop policies and direct funding for 
professional development programs. 
 
Tytler (2007), stated that professional development for science teachers is required to 
enable teachers to move from the a simple transmission of scientific knowledge to 
their students to a pedagogical process that gives students more agency to develop 
new scientific knowledge’s.  This could require a change in teachers’ set of beliefs 
about the nature and purposes of science education.  Science teachers would need to 
develop pedagogical skills that would support the move from the rehearsals of well-
known scientific knowledge to engaging their students to examine new possibilities 
and construct scientific knowledge The professional development required for 
science teachers to support this concept is far more complex than simple delivery 
models allow.   Rather, a professional development program should encompass both 
resource development and a significant professional learning approach that allows 
local control and contextual variation that attends to teacher beliefs and is supported 
in local areas through networks and consultants (Tytler, 2007). 
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Such a professional development program was developed in Central Queensland in 
1999 to improve science teachers’ science content knowledge and teaching strategies 
to give them the skills they believed they required to implement the new science 
syllabus.  A grant was secured from the Quality Teacher Program that enabled the 
primary and secondary teachers in the cohort to commit to a professional learning 
partnership with a local university.  Using a consultative process, each teacher 
designed a content and pedagogical study to identify and meet their individual 
learning needs and the local university advisor provided intellectual resources 
together with critical and formative feedback.  Because the new syllabus was based 
on the constructivist approach to teaching science, most of the professional 
development provided in this program focused on assisting the science teachers to 
develop their skills around the constructivist approach.  The teachers identified a 
need to successfully implement the constructivist syllabus therefore requiring an 
increase in their PCK as a component of their professional knowledge.  Both 
individual and collaborative professional development events were produced and the 
teachers accessed the professional development events that aligned with their stated 
learning needs.   
 
When sustained, long-term professional development was provided to science 
teachers, such as in the Quality Teacher Program, it gave them the freedom to choose 
areas that align with their perceived needs.  Consequently, the science teachers 
gained confidence and used the new content knowledge and pedagogical teaching 
skills in their teaching practice.  Further, if science teachers recognise that the 
content knowledge is beneficial to them and their students, motivated teachers will 
choose to learn new science content and pedagogies and, so, address deficiencies in 
their own skills (Harrison & Nichols, 2002).  Available models of science teacher 
education insist that for professional development to be successful, teachers need to 
choose the best in-service for their learning needs and the locus of learning control 
must rest with the teacher (Wallace & Louden, 2002).  When the locus of learning 
control rested with the teachers in science content-rich professional development that 
aligned with literacy demands, participating teachers gained a greater understanding 
of both science and literacy, functioned productively as a member of a learning 
community and were able to successfully implement both science and literacy into 
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their science lessons (Nichols & Appleton, 2008).  Further, Nichols et al. (2007) 
demonstrated a positive change in attitude when the teachers attended a content-rich 
professional development event of their choice.  Tunks (1997) also reported that 
when teachers are treated as professionals and given power to determine their 
learning experiences, they exhibit a willingness to change their practice. 
 
In 2002, the Department of Education, Science and Training (DEST) commissioned 
a report called Beyond the Middle:  A report about literacy and numeracy 
development of target group students in the middle years of schooling (Luke, 2003).  
It focused on the current teaching practices of literacy in the middle school.  While 
not specifically about science content knowledge professional development, its 
findings are still relevant to the issues associated with professional development in 
science education.  The report found that professional development was often 
piecemeal and unconnected.  The case studies that were quoted in the report showed 
that the programs were offered in response to an immediate need, rather than to an 
overall strategic approach.  However, some case studies did highlight the importance 
of school, or district, cluster-based professional development networks as being 
essential for ongoing, connected professional development.  A focus on teacher 
learning which works towards the goal of enhancing student learning outcomes, 
along with the investigative orientation of many school-based professional learning 
communities, seems to establish a climate for embedded and sustainable change at 
the school and classroom level (Luke, 2003). 
 
The DEST Report, Beyond the Middle:  A report about literacy and numeracy 
development of target group students in the middle years of schooling (Luke, 2003) 
influenced a further major research study into literacy and numeracy in the middle 
years of schooling undertaken by the Australian Government in 2005.  This project 
report was called Literacy and Numeracy in the Middle Years of Schooling – 
Queensland Project Report:  Meeting in the middle – assessment, pedagogy, 
learning and educational disadvantage and it sought to link the research findings on 
curriculum literacies with insights from the previous DEST Report.   It was also 
guided by contemporary research on: 
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 the middle phase of learning;  
 assessment, literacy and numeracy; 
 effective professional learning; and 
 educational disadvantage  (DEEWR, 2007). 
 
The focus of the project was to increase teachers’ knowledge, understanding and 
professional skill development about best practices in literacy and numeracy 
assessment, curriculum and teaching instruction in the middle years of schooling so 
that teachers could respond to the learning needs of disadvantaged students.  It 
supported the development of teachers’ professional capacity to assess and teach 
curriculum literacies and numeracies  (DEEWR, 2007) and provided professional 
development opportunities for the teacher participants in these areas.  In particular, 
professional development was required for teacher learning for a new 
conceptualisation called “curriculum literacies”.  This term was introduced to 
represent the interface between specific curriculum and its literacies (Cumming et 
al., 1998; Wyatt-Smith & Cumming, 2003) and is defined as: 
 
“…those literate capabilities which students need to have if they are to 
successfully learn in the learning areas.  Curriculum literacies interface with a 
body of knowledge such as Key Learning Areas or subjects.  For example, in 
Science, students may need to write science reports after undertaking 
investigations or experiments.  This requires using language systems, including 
specialized text and language structures, vocabulary and graphics, that are 
specific to constructing knowledge in Science that may not be learnt in other 
areas of learning.”  (DEEWR, 2007 p5) 
 
The project provided professional development for the teachers in structured 
opportunities for professional sharing and learning within clusters across 
Queensland.  In the cluster groupings, the teachers’ experience and expertise was 
valued and shared.  The clusters took the initiative to identify deficiencies in their 
knowledge, especially in curriculum literacies, and called for additional professional 
development from outside sources.  The professional development program was 
adapted to deliver professional learning programs cater for the local cluster’s 
 31 
identified learning needs.   The clusters operated at a local level, but interacted with 
other clusters via teleconferences and the internet at key points in the life of the 
project.  Teachers also participated in teacher forums that were held at the end of the 
project.   
 
The findings from the project provided evidence to show that, when teachers 
consider literacy in assessment tasks, the assessment, pedagogy and curriculum have 
enhanced alignment.  This benefits all students, including students who are 
disadvantaged (DEEWR, 2007).  The professional development model used enabled 
the teachers to engage in professional conversations about assessment and standards.  
This enabled them to develop strong understandings about assessment, curricular 
knowledge and curriculum literacies/numeracies and was valued by all participants.  
Critical reflection, both personally and collaboratively, was an important aspect of 
the professional development program.  Teachers need time and space out of their 
busy schedules to enable this to occur.   
 
One cluster, comprised of both primary and secondary science teachers, focused on 
curriculum literacies in science and taught literacy using science as a host.  The 
participants developed a unit of work and assessment task that aligned literacy with 
assessment, pedagogy and curriculum.  The author was associated with this project 
and was a teacher participant in one of the clusters, worked with the researchers on 
the project to collect and analyse the qualitative data, and also co-authored the cluster 
report that was included as an appendix in the final report (Nichols & Appleton, 
2008).    
 
2.5 RESEARCH-BASED PROFESSIONAL DEVELOPMENT 
GUIDELINES AND HOW THEY RELATE TO THIS RESEARCH 
STUDY 
 
There are a number of models for professional development that have a strong 
theoretical basis and impact on the design of professional development programs.  
The professional development programs specific to the mining and minerals 
processing industries that were investigated in this research study are fully outlined 
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in the next chapter (Chapter Three) of this thesis.   However, the aspects of the 
theoretical models used to develop those programs are covered in this chapter. 
 
Hoban (1997) grouped professional development models as “Outside-in”, “Inside-in” 
and “Inside/Outside”. This information was tabulated to show the details of each 
model.  In the table, examples for each model were matched with their knowledge 
source, strengths and limitations.  As can be seen in Table 2.1, displaying the 
information about the models in this way enables a clear comparison of these 
different models. 
 
Table 2.1  
Summary of Professional Development Models Showing Examples, Knowledge 
Source and Strengths and Limitations (Hoban, 1997) 
Professional 
Development Group 
 
Examples Knowledge Source Strengths Limitations 
Outside-in Models 1.  Training Model Formal Knowledge 1.  New knowledge 
presented beyond 
teachers’ experience 
 
2.  Convenient and 
economical to 
organise 
1.  Existing practice 
often not considered 
 
2. Knowledge often 
decontextual to 
setting 
 
3. Usually short term 
with little follow up 
support 
Inside-in Models 1.  Individually 
Guided Model 
 
2.  Observation/ 
Assessment Model 
 
3. Development/ 
Improvement Model 
 
4.  Inquiry Staff 
Development Model 
 
 
 
 
Personal experience 
 
Data from classroom 
observations 
1.  Teachers have 
responsibility to 
control workplace 
learning 
 
2.  Long term 
encouraging teacher 
reflection to clarify 
beliefs 
 
3.  Teachers 
understand data they 
collect 
 
4.  Alternative 
perspective from 
other colleagues 
1.  Teachers interpret 
data they gather 
according to the way 
they frame their 
existing practice 
 
2.  Teachers may 
view clinical 
supervision as a form 
of evaluation 
 
3.  Need for 
‘alternative’ 
perspectives from 
other school contexts 
to extend teachers’ 
experiences 
Inside/Outside 
Models 
1.  Inside/Outside 
Model for pre-service 
Teachers 
 
2.  Inside/Outside 
Model for in-service 
Teachers 
Shared experiences/ 
Formal 
Knowledge/Teacher 
research 
 
Shared 
experiences/Formal 
Knowledge/Teacher 
research 
1.  Long term 
Encouraging teacher 
reflection to clarify 
beliefs 
 
2.  Introduces 
different perspectives 
as evident from inside 
and outside of school 
context 
 
3.  Controlled by 
participants to share 
ideas as a community 
possibly leading to a 
learning organisation 
1.  Friction due to 
different agendas of 
groups 
 
2.  Time and effort to 
sustain the 
community 
 
3.  Different interests 
related to varied 
school and university 
cultures 
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When Hoban’s table is applied to the professional development programs in this 
study, they fall mainly into the outside-in category.  These programs follow this 
training model category because they impart formal content knowledge about the 
mining and mineral processing industries that is beyond the teachers’ experience.  
However, the limitations that Hoban describes in the table were not encountered in 
the professional development programs undertaken in this study.  Rather than using 
the classical outside-in approach, these programs considered the pedagogical aspects 
on the science content knowledge about the mining and mineral processing industries 
and nested them in the existing science curriculum documents that the teachers were 
currently using.   Also, the professional development programs were conducted 
longitudinally over a number of professional development events and this enabled 
follow-up to occur with the participants.  As a result, the limitations normally found 
with the outside-in approach were minimised. 
 
The professional development programs in this study also had elements of Hoban’s 
inside/outside models for in-service teachers.  The knowledge source came initially 
from the scientists and researchers working in the mining and mineral processing 
industries.  However, it also came from the shared teachers’ pedagogical 
experiences.  Because it introduced different perspectives from the scientists and 
researchers from outside the school context and blended this with the teachers’ 
perspectives from inside the school, this was considered to be a strength.  
 
The principles for the design of effective professional development (Hawley & Valli, 
1999) can also be related to this research study.  Following their research and 
consultation, Hawley and Valli developed a list of research-based principles for the 
design of effective professional development that focused on the effects of 
professional development programs on student learning.  The nine principles are 
listed in Table 2.2. 
 
Elements of all the nine principles from Hawley and Valli’s list were present in the 
content-rich professional development programs in this research study.  However, 
principle one, “The content of professional development focuses on what students 
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are to learn and how to address the different problems students may have in learning 
the material.” and principle eight “Professional development should provide 
opportunities to gain an understanding of the theory underlying the knowledge and 
skills being learned” are closely related.   
 
Table 2.2  
Principles for the Design of Effective Professional Development (Hawley & Valli, 
1999) 
Principles for the Design of Effective Professional Development (Hawley & Valli, 
1999) 
1. The content of professional development (PD) focuses on what students are to 
learn and how to address the different problems students may have in learning the 
material. 
2. Professional development should be based on analyses of the differences between 
(a) actual student performance and (b) goals and standard for student learning. 
3. Professional development should involve teachers in the identification of what 
they need to learn and in the development of the learning experiences in which 
they will be involved. 
4. Professional development should be primarily school-based and built into the 
day-to-day work of teaching. 
5. Professional development should be organised around collaborative problem 
solving. 
6. Professional development should be continuous and on-going, involving follow-
up support for further learning-including support from sources external to the 
school that can provide necessary resources and new perspectives. 
7. Professional development should incorporate evaluation of multiple sources of 
information on (a) outcomes for students and (b) the instruction and other 
processes that are involved in implementing the lessons learned through 
professional development. 
8. Professional development should provide opportunities to gain an understanding 
of the theory underlying the knowledge and skills being learned. 
9. Professional development should be connected to a comprehensive change 
focused on improving student learning. 
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These were embedded in the professional development programs for this study to 
help the science educators gain new content knowledge and address how they would 
take their newfound content knowledge and use it in their classroom practice. 
 
Another researcher who also examined professional development programs for their 
effectiveness was Loucks-Horsley (1989).  Professional development programs for 
science educators can take many forms, but according to Loucks-Horsley (1989), 
professional development programs are most effective if they contain the following 
elements: 
 
 the development of a coherent plan; 
 in-depth and long-term programs such as intensive courses or institutes;  
 substantial follow-up as teachers return to the classroom; 
 a critical mass of teachers and/or administrators to build internal support 
structures; and  
 the use of teachers in training and support roles. 
 
These elements enable teachers to take new content knowledge from the professional 
development program and identify ways to translate their learnings into the 
classroom.   In turn, this helps teachers to improve their teaching practices (Loucks-
Horsley, 1989). 
 
Consequently, these elements were important to this research study.   The 
professional development programs were content-rich and the stated aims were to 
encourage the science educators who attended to embed examples from the mining 
and mineral processing industries as they taught the associated science content 
knowledge.  So, even though the professional development programs are intended to 
change the science educators’ content knowledge of the mining and mineral 
processing industries, from Loucks-Horsley’s research, a change in other areas of 
teaching practice could also occur. 
 
Loucks-Horsley initially developed a design framework for professional 
development in science and mathematics.  However, this earlier design was 
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rethought after further analysis and it was modified (Loucks-Horsley et al., 2003).  
The modification of the genetic framework addressed the complexity of designing 
professional development for science educators and accommodated their individual 
learning needs.  The framework incorporates a planning sequence that shows a 
horizontal connection between the elements “commit to vision and standards”, 
“analyse student learning and other data”, “set goals”, “do” and “evaluate”.   
 
This is an analogue for the classic perpetual “Plan-Do-Check-Act” (PDCA) model 
used in quality systems management (Deming, 1986).   Therefore, Loucks-Horsley’s 
model is virtually a continuous quality improvement system for professional 
development programs.  An example of how the PDCA technique was applied at a 
school level is given on the ASQ’s (American Society for Quality) website (Tague, 
2004).  The importance in this model is its continuous nature, which is a valued 
aspect in professional development for science educators. 
 
However, in education systems, professional development programs are quite often 
discontinuous.  This lack of continuity is related to several factors: 
 the source (whether from industry or government) and amount of available 
funding for programs; 
 how well-marketed and well-organised the programs are and, therefore, how 
attractive they are to educators; 
 the availability of quality instructors (i.e., educators with the required level of 
expertise and experience in their field of study); 
 the enthusiasm of the participants; 
 the availability of the participants and whether or not the time is made 
available during work or them to attend; and 
 the existence of a champion for the program in, or close to, the workplace. 
 
It has been argued that industry should pay for the courses that influence and meet 
industry-related needs.  Because of their perceived capacity to generate wealth, this 
is especially the case in the mining and minerals processing industries.  Industry, in 
turn, argues that because they pay their royalties and taxes, they should not be 
expected to fund education legislated by government.  In any case, as discussed 
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previously in this chapter, the mining and minerals processing industries are cyclic in 
nature and, subsequently, the funding available from these industries for any 
professional development events follows this trend.   These issues have a flow-on 
effect to the continuity of funding available for professional development. 
 
Funding via the public treasury tends to be more continuous, but it can fluctuate too.  
While this fluctuation can be related to economic cycles, it is related more to 
intangible effects such as policy and perceived needs at the time. 
 
If professional development programs are not ongoing, they will be far less effective 
in ensuring that teachers maintain their interest, enthusiasm and currency. Like the 
life-cycle of a star, programs tend to follow a pattern of ignition, waxing, waning and 
extinction, only to be reborn again later in the same, or a different, form.  This can be 
related to the funding available, perceived or actual value that the program offers, 
changing levels of enthusiasm, loss of a champion, or other effects. 
 
Following a continuous improvement process, such as the Loucks-Horsley model, 
can help to minimise the cyclicity in provision of professional development 
programs.  Also, it can help to justify the provision of funding and maintain the 
perception of necessity of professional development programs.  Once a professional 
development program becomes recognised as being important for or, better still as 
essential to, the development of teachers by both teachers themselves and educators 
at the management level (e.g., principals, policy developers, etc.), it becomes easier 
to maintain. 
 
A good example of this is the sustained mining and minerals processing program run 
by the Colorado School of Mines (2007) in the USA.  This program is run at regular 
intervals and targets an audience that ranges from primary to tertiary educators.  It is 
highly respected in education circles within the USA and enjoys a sustained high 
participation rate. 
 
In this research study, data were collected from a teacher cohort that participated in 
this Colorado School of Mines professional development program and this program 
is still being run continuously.  However, as soon as the other programs from which 
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data were collected in this research study achieved their objectives, funding was not 
renewed and they were discontinued. 
 
The complexity of the process is shown in the model by including the inputs into the 
design process that can influence and inform the design of the professional 
development and show what the designers of the professional development need to 
consider.  These include “knowledge and beliefs”, “context”,  “strategies”, “critical 
issues” and “strategies (Loucks-Horsley et al, 2003).    The model of a design 
framework for professional development showing the knowledge and beliefs 
supporting effective professional development is shown in Figure 2.1.  
 
 
Figure 2.1 
Knowledge and beliefs supporting effective professional development (Loucks-
Hawley et al., 2003). 
 
The professional development programs in this research study were designed and 
implemented by three different professional development providers and it is clear 
that elements of the Loucks-Horsley design framework have been used in their 
design.  In particular, as the professional development programs were content-rich 
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about the mining and mineral processing industries, the knowledge and beliefs of the 
teachers who were the participants in these programs were the inputs to be 
considered in the commitment to vision and standards and the initial stage of the 
design.  So, even though the participants in the professional development programs 
may have had varied levels of content knowledge of the mining and mineral 
processing industries, they would have had a knowledge-base on how their students 
learn science.  What the science educators already know will influence their own 
learning and, like their students, they will construct new knowledge themselves 
(Loucks-Horsley, 2003). 
 
This research project focused on the professional development programs about the 
content knowledge associated with the mining and mineral processing industries and 
linked this content knowledge through professional development programs.  
However, among other models of professional development, it contained aspects of 
Hoban’s models, Hawley and Valli’s principles of effective professional 
development and Loucks-Horsley’s design framework for professional development.  
One of the professional development programs in this research study took the 
presentation of the content-rich professional development program further.  Rather 
than just linking authentic examples of the mining and mineral processing industries 
with hands-on activities and interaction with scientists, it included supported writing 
opportunities for the participants.  This final step moved the locus of control to the 
teachers and, in doing so, it incorporated Hoban’s inside-in model into the 
professional development design.  It also incorporated other elements of Hawley and 
Valli’s principles of design for effective professional development and made a 
stronger link between Loucks-Horsley’s “Knowledge and Beliefs” to “Commit to 
Vision and Standards”. 
 
 
2.6 THE CYCLIC NATURE OF THE MINING AND MINERAL 
PROCESSING INDUSTRY AND ITS IMPACT ON EDUCATION AND 
CAREERS 
 
Australia operates within a cyclic global economy (Bartholomeusz, 2012).  The 
mining and mineral processing industries are exposed to global market influences 
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and, consequently, they are cyclic in nature.  In the past decade, Australia has 
experienced a resource boom and the mining and mineral processing industries have 
expanded at an increasing rate.  Even though China’s demand for Australian 
resources has slowed somewhat recently, this demand is expected to continue into 
the future, though at a slower pace.  The combined size of the populations in China 
and other Asian countries is huge and the number of individuals in those countries 
aspiring to a better material standard of living and move out of poverty has fueled the 
demand for resources (Ericsson, 2012).   
 
The demand for Australian resources has also lead to a demand for qualified people 
to fill the expanding number of career positions in the mining and mineral processing 
industries.  Simultaneously, the supply of young university science graduates gaining 
academic credentials in science, technology, engineering and mathematics that is 
required to maintain a qualified workforce, continues to dwindle within Australia and 
this trend is expected to continue to into the foreseeable future.  This problem has 
been well documented, but no easy solution has become apparent (Bartier, et al, 
2003; Churach & Nichols, 2007; Nicol & Woffenden, 2002).  
 
To compound the issue at the university level, fewer students are choosing to study 
physics, chemistry and biology at the secondary level.  This decline has implications 
for the number of future scientists in Australia (Lyons & Quinn, 2010).  A science 
background, particularly in the physical sciences, is an essential prerequisite if a 
secondary student is considering a science-related career.  This has a direct impact on 
the number of people available to choose careers in the mining and mineral 
processing industries. 
 
The decline in students studying science has been one of the many challenges that 
science teachers face as they negotiate the increasing complexity of their role 
(Rodrigues, 2004).  Governments around Australia acknowledge that there is a need 
to address the decline in students choosing to study science leading to the shortage of 
qualified people available to work in the expanding science-based industries.   To 
address these issues, governments have made commitments to ensure students have 
access to high-quality science education.  One such initiative was made by the 
Queensland Government in the Spotlight on Science program that produced a set of 
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directions and principles for the future action of science education.  The vision for 
Spotlight on Science (2003) stated: 
 
Science education at all levels has a key role in meeting the challenges and 
opportunities presented by the technological and knowledge era.  We need to 
strongly support science educators to produce a scientifically literate society 
and the researchers, innovators, entrepreneurs and educators of the future. (p 
1). 
 
The Spotlight on Science (2003) initiative developed a six-step plan to: 
 improve the scientific literacy of Queenslanders; 
 encourage more young people to aspire to careers in science; and 
 improve the overall quality of science education in Queensland. (Science 
State – Smart State, 2003). 
 
While all of the Spotlight on Science (2003) six-step action plan relate to this 
research study, three of the six-steps are particularly relevant:  Step 2 – Inspiring 
Science, Step 3 – Connecting Science and Step 5 Partners in Science.   A dot point 
explanation from the Spotlight on Science (2003) document about how the steps 
were intended to be actioned is listed below:  
 
Step 2 – Inspiring Science 
 a workforce of enthusiastic and competent teachers who provide exiting and 
relevant science experiences for students; and 
 all teachers engaging in continuous professional development and updating 
their knowledge and skills in science education. 
 
Step 3 – Connecting Science 
 science will be taught as a continuing process of practical inquiry into real-
world issues and problems; and 
 more opportunities for teachers and students to engage in experiences beyond 
the classroom 
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Step 5 – Partners in Science 
 more productive science partnerships between industry, business, 
government, research and educational institutions; and 
 increased investment in Queensland science education (Spotlight on Science, 
2003). 
 
The Spotlight on Science (2003) intended actions align with the aims of the 
professional development programs that were investigated in this research study.  
The three professional development programs in this study were funded by 
government and industry and they exposed the science educators to complex, “real 
world” problems (and their solutions) in both industry and research institutions.  
This, in turn, afforded the science educators an opportunity to provide their students 
with a realistic view of the mining and mineral processing industries.   
 
Further, as time progresses, it is expected that there will be continuing major 
advances in science and technology, especially in the mining and mineral processing 
industries.  Consequently, science teachers will need to keep their knowledge up-to-
date to enable them to teach scientific concepts to their students that are based upon 
the latest industry examples.  Interestingly, in the Australian Council of Dean of 
Science Report (Harris, 2005), 5% of respondents suggested that more teachers 
would be attracted to the teaching profession if links to science research and industry 
could be maintained.  These links could prevent teachers’ scientific knowledge and 
expertise from becoming stale.   Also, in the Australian Council for Educational 
Research Report (Ainley, 2008), it was noted that there is a sense that school science 
is not sufficiently connected to recent developments in science.  Professional 
development that links the applied science conducted in industry with the science 
taught in science classrooms could help to establish and maintain this connection. 
 
Relevance is important for students studying science, it needs to link to their lives, 
their interests and their aspirations (Tytler et al, 2008).  Science that is taught by 
making these links increases the relevance for teachers and their students and makes 
the learning experience authentic (Matters, 2006).  Teachers need to be able to 
confidently teach applied science and relate its links to industry.  However, teachers 
cannot engage their students if they do not have the correct industry knowledge 
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themselves. Science teachers who have the opportunity to attend “real world” 
professional development events, including industrial laboratory work and field trips 
that are aimed at increasing their knowledge of industry practices, will also build 
their confidence in teaching science.  
 
The concept of teaching authentic industry applications in their science classes may 
be new to some teachers and this may mean that they could require specific content 
knowledge and access to information about industry practices.  Teachers may feel 
the need to make industry visits and establish links with scientists to gain content 
knowledge to confidently teach it.  They may not be aware of the opportunities 
available to them and may not have the time to find out.  To enable teachers to affect 
students’ perceptions about industry, teachers need to be exposed to a variety of 
hands-on experiences and industry visits.  Because science teachers have the 
opportunity to attend “real world” professional development events (including 
industrial laboratory work and field trips) aimed at increasing their knowledge of 
industry practices, this will allow teachers to build their confidence (Nichols, et al, 
2009). 
 
 
2.7 CURRICULUM DOCUMENTS AND THEIR LINKS TO AUTHENTIC 
SCIENCE AND INDUSTRY 
 
Historically, the junior science curriculum documents in all Australian states have 
embedded statements in them to ensure that science teachers provide opportunities 
for their students to demonstrate their learning, with an emphasis on “Working 
Scientifically”.  In Queensland, in the Years 1 to 10 Science Syllabus (1999) and the 
Essential Learnings (2007), the intention is for students (supported by their science 
teachers) to develop their ability to work scientifically in the way that scientists 
work, i.e. by investigating, understanding and communicating in real life contexts.  
This construct has continued in the Australian Curriculum documents that have 
superseded all the previous state curriculum documents and it has already been 
implemented in junior science in all states in Australia.   
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The Australian Curriculum documents provide a vehicle for teachers to include 
examples of industry practices, along with the associated science, into their 
curriculum.  The science strands of Science Understanding, Science as a Human 
Endeavour and Science Inquiry Skills all provide a platform for teachers to include 
authentic learning experiences.  The emphasis to provide these opportunities for 
students are embedded into the curriculum document and this is emphasised in the 
Australian Curriculum support statements like the Years 7-10 Curriculum Focus:  
explaining phenomena involving science and its applications.  It states: 
 
During these years, students continue to develop their understanding of 
important science concepts across the major science disciplines.  It is important 
to include contemporary contexts in which a richer understanding of science 
can be enhanced.  Current science research, and its human application, 
motivates and engages students. (ACARA, 2010).  
 
The senior syllabuses in all Australian states are, at the time of writing, administered 
by State Boards and each state has a separate syllabus.  These syllabuses provide 
opportunities for senior science teachers to use authentic contemporary contexts in 
their teaching.  There are some senior science subjects that lend themselves to 
embedding examples from the mining and mineral processing industries and linking 
them to the associated science content knowledge.  As well, there are opportunities 
in the existing Physics, Chemistry and Earth Science syllabuses for this to occur and, 
when the new Australian Curriculum senior science subjects come on line, this 
opportunity will continue. 
 
 
2.8 SCIENCE TEACHERS’ INFLUENCE ON THEIR STUDENTS 
 
Churach and Fisher (2001) found that the use of the internet as a tool to provide 
authentic learning experiences not only had a positive effect on the classroom 
environment, but it enhanced the constructivist nature of the science classroom as 
well.  Further, the role of the teacher was instrumental in keeping the students on 
task and influenced the students’ progress in their learning and assessment tasks. In 
addition, learning environments impact on student behaviour and achievement in 
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school settings (Fraser & Walberg, 1991).  If science teachers strive to develop 
supportive relationships with their students, they enhance their students’ learning.  
By providing supportive learning environments and authentic learning experiences 
based on real-life science examples, science teachers can motivate and engage their 
students. 
 
Teachers are often unaware of the influence that they have on their students.  In their 
study about why students choose science, Lyons and Quinn (2010) found that around 
80% of Year 10 students rate their most recent experiences in science classes as the 
biggest influence in choosing to study science in their senior years.  Teachers can 
also influence their students about career choices in science-related careers.  Because 
of this, Lyons & Quinn (2010) recommended that science teachers should be made 
aware of the strong influences that they have on their students’ decisions about 
choosing science as they are influenced by their teachers’ attitude and advice.  When 
scientists themselves were surveyed about the reasons that they chose to study 
science, among the reasons that were reported, school science lessons and particular 
science teachers were stated as important factors (Venville et al., 2013). 
 
Churach & Nichols (2007) also found that teachers are well positioned to positively 
influence their students’ attitudes towards science and encourage them to consider 
careers in science and science-related industry.  Over a period of time, it would seem 
natural for teachers to gradually integrate their newfound knowledge into the 
curriculum and to have positive impacts on their students’ perceptions of the mining 
and mineral processing industries.  In 1995, a Canadian project in Alberta indicated 
that there were increased positive outcomes when career options became infused into 
the curriculum, rather than these being taught as separate items.  It recommended 
that professional development should be provided for teachers to accommodate this 
approach (Millar, 1995). 
 
The Australian Cooperative Research Centre for Sustainable Resource Processing 
(CSRP) conducted research into the mining and mineral processing industries and 
viewed the ‘people shortage’ as a particular concern.  CSRP wanted to raise 
community awareness of the mining and mineral processing industries.  Operating 
under the assumption that there can be no research without researchers (or no 
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employer without employees), CSRP sought a method to involve the minerals 
processing and energy industry with the community at large and looked for the most 
effective method to reach the community.  In particular, for young people who may 
be interested in the mining and mineral processing industries as a career choice, 
CSRP was looking for a method to deliver correct and up-to-date information in an 
efficient and cost effective manner.  
 
To find out where young people receive their information from and whom they turn 
to when they are looking for information, CSRP believed that the answer could be 
found in the Western Australian Government’s Youth Survey (2003).  In this study, 
7,919 young people aged 12-25 years, across all socio-economic backgrounds and 
educational circumstances, were surveyed.  The study showed that teachers are held 
in high regard and that they definitely have influence over their students’ lives.  
Teachers are well positioned to positively influence their students’ attitudes towards 
science and to encourage them to consider careers in science and industry (Churach, 
2005).    
 
In a sense, these findings support the well-believed notion that “the best sales method 
is word of mouth”.  Why does word of mouth carry such weight?  Simply put, most 
people place a stronger value of influence on input from those whom they know best 
and with whom they have a longstanding relationship.  Parents and friends rank one 
and two as the most influential on opinions held by young people (Coleman & 
Coleman, 2003).  In the same sense, the high ranking of teachers as opinion-
influencers is understandable.  For the most part, young people spend their “working 
days” in the company of teachers and, in many cases, they interact with some 
teachers for more hours per week than they would normally interact with a parent.   
 
It transpires then, that the primary target audience to be reached is parents and 
friends.  However, in terms of numbers, this presents a problem.  For example, there 
is little leverage to be gained in attempting to reach 20,000 parents in order to 
influence 30,000 children (a ratio of 1:1.5).  A much more economical alternative is 
through the teacher-student relationship where each teacher could have influence 
over up to 25 students in each of their classes (a ratio of 1:25).  This teacher-to-
student exposure ratio is nearly 17 times greater than the parent-to-child ratio. 
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Churach and Rickards (2003) studied the teacher-student relationship and how the 
teacher influence goes beyond the classroom.  In their study, they investigated the 
motivational factors that affect career choice in the mining and mineral resource 
industry sector and devised a questionnaire (Feedback Survey) that explores career 
drivers. Though the questionnaire features 36 questions divided into six scales 
(financial, academic, relationship, lifestyle, altruistic and personal esteem), it also 
includes several open-ended questions concerning influences of teachers on career 
decisions. At the time that this pilot study was conducted, 82% of respondents were 
working in the mining and metallurgical industries while the remaining 18% were 
tertiary students of either metallurgy, chemical engineering or mining engineering.  
 
The study also found that 46% of all respondents took additional time to volunteer 
the positive effect that one or more of their teachers had on their career choice.  Their 
responses included statements like:  “My high school science teacher always 
encouraged me and challenged me to ask why…”). 16% of those in this sample 
spoke of teachers having a negative effect (e.g., “I wanted to prove that I could do it 
even though my high school chemistry teacher said I never could.”). These data seem 
to indicate that, for these people working within the mineral and energy sector, 
science teachers had influence over the decisions they made (whether positive or 
negative).  
 
Over a number of years, the Centre for Sustainable Resources Processing and 
Murdoch University (Western Australia) collaborated with a range of industries to 
offer an array of educational activities for secondary science teachers, initially in 
Western Australia and more recently in Queensland.  The project placed the 
emphasis on the on-going nature of the program and was based on the idea that, in 
order to have long term effects on student perception of the industry, participating 
teachers need to undergo a variety of experiences involved with resource processing.  
Ideally, teachers were expected to gain the greatest benefit from being exposed to a 
variety of both academic experiences (e.g., hands-on laboratory work and lecture-
type offerings) and industrial experiences (e.g., plant and mine tours and work 
experiences) over a period of time.  This was to allow the teachers involved to 
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develop relationships with scientists and industrialists to a point where they felt 
comfortable to ask questions and share experiences (Churach, 2004b).    
 
 
2.9 SCIENCE TEACHERS AND SCIENTISTS IN PROFESSIONAL 
RELATIONSHIPS 
 
Science teachers provide the science content knowledge, but they also have a role in 
translating science practice in their classrooms (Hofstein & Lunetta, 2004). They 
replicate the scientific processes in their classrooms in the same way that scientists 
do, but the teachers’ role is that of an educator, rather than a scientist.  While 
scientists generate new scientific knowledge, science educators generate learning 
about science (Wong & Hodson, 2009).  In fact, the school science laboratory is a 
unique classroom environment that can be used to enhance the teaching and learning 
of science (Hofstein, 2006).  However, the school science laboratory is a very 
different environment to the one that industrial scientists work in and the science 
teachers’ practice is very different to industrial scientists’ practice.  In the school 
science laboratory environment, science teachers can improve their students’ science 
content knowledge by engaging them in authentic learning experiences and practical 
investigations based on the work that scientists do (Hobson, 1993).   
 
In order for science educators to have access to the work that scientists do and to the 
data that they collect in their research, programs have been set up to enable science 
educators to interact with scientists who work in all fields of science.  Proposals have 
been made about the benefits for science teachers to work with scientists who work 
in industry or research laboratories and form professional relationships with them 
(Spotlight on Science, 2003).  Programs that enable interaction between science 
teachers and “real world” scientists have taken various forms, ranging from the 
mentoring of teachers by scientists (Hughes et al., 2012) to teachers working one-on-
one with a scientist in the science classroom as is practiced in the Scientists in 
Schools Project (Rennie, 2012).  Whatever their form, these initiatives were intended 
to bring science teachers and scientists into contact with each other for the benefit of 
science students. 
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The role for scientists proposed in this research study was different to the mentoring 
and in-class interaction previously described.   In this research project, the scientists 
working in the mining and mineral processing industries where viewed as a resource 
for content and were made available for the teachers to contact when they wished to 
check their own content knowledge and their knowledge of its application in the 
mining and mineral processing industries. The science educators in the 
QCAT/Education Queensland cohort initially interacted with the CSIRO scientists as 
part of the workshop presentations, but this role expanded to the CSIRO scientists 
becoming content knowledge advisors to the science teachers as they wrote the unit 
of work and the teaching resource.  The science teachers produced drafts of their 
work and the CSIRO scientists offered advice and further examples about the mining 
and mineral processing industries, thereby ensuring that the content in the teachers’ 
documents was correct.  As the teachers gained knowledge of the mining and mineral 
processing industries and embedded the authentic content knowledge into their 
teaching documents and teaching resource, they grew to know the scientists and 
formed professional relationships with them.   
 
It then follows that, in order to have long term effects on student perception of the 
industry, participating teachers need to undergo a variety of experiences involved 
with the mining and mineral processing industries.  Teachers were expected to gain 
benefit from being exposed to a variety of academic and industrial experiences over 
a period of time.  It was intended to have the teachers develop relationships with 
scientists to a point where they felt comfortable in asking questions and sharing 
experiences (Churach, 2004b).  
 
2.10 CONCLUSION 
 
Professional development is seen as an important component of teachers’ 
professional practice and the Australian Teacher Performance and Development 
Framework (2012) supports teacher professional learning.  The changes in the 
science curriculum and the associated pedagogical practices required to enact the 
implementation of the Australian Curriculum require teachers to engage in 
continuous professional development.  Science teachers enter the teaching profession 
from varying backgrounds, varying strengths in science and varying levels of 
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undergraduate study in science and this is a challenge that needs to be overcome.  
Effective professional development programs need to cater for the science teachers 
learning needs.   
 
The specific items to note from the literature reviewed in this chapter are: 
 
1) teachers can definitely influence the career choices that their students make 
and there is significant career-choice capital to be gained by investing in 
teachers through the provision of professional development opportunities in 
science-related fields (in this case, mining and minerals processing); 
2) there is more to be gained by capitalising on the teacher-student ratio to 
ensure that the maximum target audience is reached for influencing students 
in their career choices (especially with respect to the mining and minerals 
processing industries); 
3) there is a need to ensure that professional development programs are 
continuous and continuously improved; and 
4) science teachers’ knowledge becomes stale if they do not keep up-to-date 
with progress in real world science. 
 
The chapters following this one will build on the previous work done by others that 
is outlined in this literature review.  This previous work was valuable and provided a 
good foundation for the work completed in this research study.  However, it is clear 
that there is a gap in the research, specifically about content-rich professional 
development for science teachers who are teaching about the mining and mineral 
processing industries.  Further, the mixed method used to collect primary data 
enabled deep understanding to be drawn from the process.  Therefore, the research 
conducted for this thesis is unique and original and will make a contribution to the 
body of knowledge in science education research.  The next chapter outlines the 
methodology used in this research study. 
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CHAPTER THREE 
 
METHODOLOGY 
 
3.1   INTRODUCTION 
 
This chapter details the methodology of the research project.  The data were 
collected via a strategic mix of quantitative and qualitative methods applied in a 
flexible manner to ensure explicit meaning could be drawn from the data sets.  
Quantitative data were collected first via Churach’s (2005) “Feedback Survey”, then 
an additional “Clarification Tool” was designed and used to collect the qualitative 
data required to maximise meaning from both data types.  Together, these tools 
produced a dataset.  This chapter will outline the reasons why this mixed-method 
approach to data collection was taken and the clarity it gave to that data.    
 
This chapter also describes in detail, the professional development events that the 
science educators attended, and the aims and methods used in presenting the 
professional development events are also described.  The number of science 
educators attending each professional development event are tabulated and 
described.  Finally, a description of the processes that the science educators used in 
writing the teaching resource after they had been exposed to the initial professional 
development events has been documented.  
     
3.2   OUTLINE OF THE METHODOLOGY OF THE STUDY  
 
The research method for this study was designed to identify if there was an increase 
in teachers’ content knowledge after participating in professional development 
programs and then to determine how the teachers applied that content knowledge by 
linking the content from the professional development events to their existing 
curriculum documents.  Teachers’ views about the mining and mineral processing 
industries were also investigated; and finally, the research project was evaluated in 
terms of its efficacy in establishing professional learning partnerships between the 
teachers and scientists. 
 
 52 
In this study, the science educators participated in content-rich professional 
development events about the applied science related to the mining and mineral 
processing industries.  The professional development events were administered by 
different profession organisations involved in the mining and mineral processing 
industries.  Often, in the professional development programs, the presentations and 
workshops were conducted by the actual scientists who work in the mining and 
mineral processing industries.  This enabled the science educators and the scientists 
to interact at a professional level.  Even though each professional development 
program was different in its approach, length of time and delivery method, the aims 
of all the professional development programs were similar. 
 
The data were collected over a six-year period and were derived from the science 
educators who attended these professional development programs.  Initially, the 
science educators completed only the quantitative data collection tool (Feedback 
Survey) after the professional development event.  However, as the study progressed 
more data were collected to further elicit information and to contextualise the 
original data that had been collected.  These additional data were required to 
determine the reasons for the initial answers that were given on the Feedback Survey.  
By using this method, an added element of flexibility was afforded to the project and 
it also allowed the researcher to delve deeper into the reasons why the participants 
gave the answers they did to the questions in the survey. 
 
A number of qualitative data collection methods were devised (including follow-up 
questions, interviews and documentation) and were used to distill further meaning 
from the data in the Feedback Survey.  The data collection process developed into a 
complementary mixture of using both quantitative and qualitative methods.  By using 
a mixture of quantitative and qualitative data collection methods, the researcher has 
an advantage over using only quantitative or only qualitative methods by themselves 
as it enables richer meaning to be drawn from the data.  Fraser and Tobin (1991) 
used both quantitative and qualitative data collection methods in classroom 
environment research and they were able to show that a mix of data collection 
mechanisms contributed to their ability to draw meaning from the data that they had 
collected for their research.  Similarly, the research performed in this thesis study 
benefited from using a mix of data collection methods.    
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3.3 A MIXED METHOD DESIGN 
 
The research design for this study used a mixed method approach where data 
collecting, analysis and “mixing” both quantitative and qualitative data contributed to 
understanding the aims and objectives of the study.  Brewer and Hunter (1989) 
identified “mixing” both quantitative and qualitative data in a single study as a 
legitimate research approach.  Moreover, a mixed method research approach can 
have a number of different designs.  Creswell (2005) explains these methods as 
“Triangulation Design”, Explanatory Design” and Exploratory Design”.  These 
categories are based on the priority or weight the researcher gives to the quantitative 
and qualitative data collection, the sequence of collecting the quantitative and 
qualitative data and the actual analysis of the collected data.  The data analysis 
method used in this research study aligns closest to the “Explanatory Design” mixed 
methods design.  
 
While traditional “Explanatory Design” places priority on the quantitative data 
collection and analysis, both the quantitative and qualitative data in this research 
study were considered to be of equal value, even though the Feedback Survey was 
completed first and was the largest data set.  The qualitative data, being the follow-
up questions and the interviews, followed as the second phase of the research study.  
These qualitative data were used to refine and make sense of the data collected in the 
Feedback Survey.  It enabled the data to be clarified and probed in more detail to 
elicit the reasons why the science educators responded to the statement sets in the 
Feedback Survey in the manner in which they did.  Figure 3.1 presents a summary of 
how data for this research study were collected using a mix of both quantitative and 
quantitative data collection methods. 
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Figure 3.1  
Flow chart outlining the methodology for the research study 
 
3.4 HOW THE RESEARCH METHOD ENABLED THE RESEARCH 
QUESTIONS TO BE ANSWERED  
 
The Feedback Survey enabled the initial data to be collected.  Once collected, these 
data were then tabulated and graphed.  The graphical representation of the data made 
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Qualitative Data Collection 
Researcher administers the 
“Feedback Survey” to the 
science educators who 
participated in the 
professional development 
events   
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1 of the Clarification Tool 
“follow-up” questionnaire to 
the science educators who 
participated in the 
QCAT/Education 
Queensland professional 
development events 
Researcher administers Part 
2 of the Clarification Tool 
by interviewing the science 
educators who participated 
in the QCAT/Education 
Queensland professional 
development events 
Researcher administers Part 
3 of the Clarification Tool 
by interviewing science 
educators’ progress as they 
write the teaching resource 
Phase 1 
Quantitative Data 
Collection (Feedback 
Survey) 
Phase 2 
Qualitative Data 
Collection 
(Clarification Tool) 
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areas of interest easy to pinpoint and allowed the qualitative data collection 
Clarification Tool to be developed for drilling down into the initial data in increasing 
detail.   This process enabled the study to move from a quantitative data collection 
tool to a Clarification Tool that included a number of qualitative data collection 
instruments consisting of follow-up questions and interviews.  The Clarification Tool 
identifies the salient areas that can be probed further by the researcher to determine 
why the participants answered they way they did.  In this regard, the Feedback 
Survey can become a valuable and useful mechanism that enables precise 
quantitative data to be collected and used to inform the direction of the study.  The 
full suite of quantitative and qualitative tools used in the entire process are what the 
researcher has termed the Attitude Inventory process and the resulting data set is 
what forms the Attitude Inventory itself. 
 
The mixed method design approach enables measurement of science educators 
reporting an increase in their knowledge of the mining and mineral processing 
industries.   The tabulation and graphing of the quantitative data and the science 
educators’ quotes derived from the qualitative data collection methods enables 
assumptions to be drawn about targeted professional development programs about 
the mining and mineral processing industries.  It is assumed that science educators’ 
knowledge of the mining and mineral processing industries can be increased through 
targeted professional development and this assumption can be tested using the mixed 
method design approach taken in this study. 
 
This mixed method design approach also provides a vehicle for documentation and 
data collection from the science teachers who wrote the unit of work and the teaching 
resource about the mining and mineral processing industries called “Energy Today 
and Tomorrow:  Learning about coal and clean coal technologies”.  Data collected 
from this process enabled assumptions to be drawn about science educators’ ability 
to apply their knowledge of the mining and mineral processing industries to the 
science curriculum. 
 
While science educators’ views of the mining and mineral processing industries can 
vary greatly, a suite of data collection tools is valuable when determining their views 
about the mining and mineral processing industries.  It is even better if a data 
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collection tool enables a change to be identified.  The mixed method design approach 
also enables quantitative data to be collected to determine why a science educator has 
reported a change. Not only does the Attitude Inventory process enable a reported 
change to be identified, it also enables the data to be tabulated and graphed, and then 
interpreted in much greater detail. 
 
Data collection about ongoing professional interaction between the science educators 
and the scientists working in the mining and mineral processing industries can also 
be derived using the mixed method design approach.  Specific follow-up questions 
were also given to the science educators who worked on the unit of work and the 
teaching resource.  Data from both these sources formed the Attitude Inventory and 
the ensuing results enabled assumptions to be made in this study about science 
educators forming professional networks with scientists working in the mining and 
mineral processing industries.  Questions about this topic appear on the Feedback 
Survey enabling science educators to report their attitude before and after the 
professional development event. 
 
3.5 PROFESSIONAL DEVELOPMENT EVENTS, THE NUMBER OF 
PARTICIPANTS AND THE DATA TYPE COLLECTED 
 
This study collected quantitative and qualitative data from science educators who 
attended professional development programs conducted by the following 
organisations:  
 
 Centre for Sustainable Resources Processing (CSRP) and Murdoch 
University, 
 Colorado Mining Association Education Foundation and Colorado School of 
Mines Office of Special Programs and Continuing Education, and 
 Queensland Centre for Advanced Technologies (QCAT) and Education 
Queensland. 
 
Table 3.1 below shows the numbers of science educators who attended a professional 
development program conducted by one of the organisations and completed the 
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Feedback Survey.  The data sourced from the Feedback Survey forms the 
quantitative component of this research study. 
 
Table 3.1  
Professional Development Events and the Number of Science Educators who 
Participated and Completed the Feedback Survey, Follow-up Questions and 
Interviews 
 
Years that the 
Professional 
Development 
Events were 
Conducted 
Professional 
Development 
Programs 
Number of 
science educators 
who completed 
the Feedback 
Survey 
Number of 
science educators 
who completed 
the “follow-up” 
questions 
Number of 
science educators 
who were 
interviewed 
Number of 
science educators 
who wrote the 
teaching resource 
 
2003-2006 CSRP and 
Murdoch 
University 
 
64    
2007 Colorado Mining 
Association 
Education 
Foundation and 
Colorado School 
of Mines Office 
of Special 
Programs & 
Continuing 
Education 
 
22    
2008-2009 QCAT and 
Education 
Queensland 
 
25 25 10 4 
 
 
Total number of 
participants in the 
research study 
111    
 
The total number of participants in the research study was 111.  All participants 
completed a Feedback Survey while 25 of those participants completed Clarification 
Tool “Follow-up” questions.  Additionally, using the Clarification Tool, ten were 
interviewed and four were interviewed as they wrote their teaching resource.  This 
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gave the research project a mixed-method approach and enabled the researcher to 
drill down into the dataset produced from the Feedback Survey. 
 
3.6   DESCRIPTION OF THE PROFESSIONAL DEVELOPMENT 
EVENTS 
 
The science educators that provided data for this study participated in one of the 
three different professional development programs. Even though the professional 
development programs were different in their delivery and approach, their aim was 
the same, i.e. to increase teachers’ knowledge of the mining and mineral processing 
industries so that they could use this content knowledge in their science classroom 
and provide their students with authentic applied science examples.  In their 
principles for the design of effective professional development, Hawley and Valli 
(1999) identify that the content of professional development focuses on what 
students are to learn and how to address the different problems students have in 
learning the material as their first principle.  This principle also forms the basis of 
each professional development event in this study.   
 
Further, each professional development program was open to science educators who 
had identified a gap in their content knowledge about the mining and mineral 
processing industries.  They wanted to use authentic applied science examples from 
the mining and mineral processing industries in their teaching and were looking for 
ways to do this.  Teachers self-nominated to join the professional development 
programs and their attendance at the professional development events within the 
professional development program was voluntary (APPENDIX A – Permission 
Letter).   
 
The following section describes each of the professional development programs that 
the science educators attended. 
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3.6.1 Description of the Professional Development Events Delivered by the 
Centre for Sustainable Resource Processing and Murdoch University   
 
The CSRP developed industry-sponsored professional development programs that 
provided real-world examples of science and its applications.  Science teachers then 
participated in professional development events provided by the CSRP in partnership 
with Murdoch University (Western Australia).   
 
The CSRP and Murdoch University collaborated with a number of different mining 
and mineral processing industries to offer an array of educational activities for 
secondary science teachers, initially in Western Australia and subsequently in 
Queensland and Victoria.  The professional development program was designed to 
allow participants to access a number of professional development events over a 
period of time. This was to enable them gain a variety of experiences including 
academic experiences such as, hands-on laboratory and lecture-style sessions, and 
industrial experiences such as plant and mine tours and work experience.   The on-
going nature of the program was emphasised and the science teachers were 
encouraged to attend multiple professional development events. The aim was to 
enable the science teachers to develop professional relationships with scientists and 
industrialists involved in delivering the program to a point where they felt 
comfortable in asking questions and sharing experiences about the mining and 
mineral processing industries (Nichols, 2009).        
 
The professional development events that comprised the program included: 
 
 short courses and workshops entitled - “The chemistry and physics of 
extractive metallurgy”, “Advanced extractive metallurgy”, “On-line 
interactive learning:  Providing a minerals industry context for secondary 
learning”, Geology and mineralogy in the resource sector”; 
 research facility and industry tours including:  atomic force microscopy, 
CSIRO Minerals Research Centre tour, gold mine tour, bauxite mine tour, 
alumina processing tour; 
 a variety of resource processing public lectures; and 
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 mini sessions for science teachers focusing on the mining and mineral 
processing industries.  
 
The number of teachers participating in the professional development events varied 
depending on the activity and some teachers participated in more than one event.  In 
some cases, individual teachers took part in five or more events.  Teachers were 
encouraged to remain in touch via e-mail, both with other participating teachers and 
with the scientists conducting the event.   
 
Several of the teachers who participated in the professional development events 
delivered by the CSRP were surveyed using the full suite of tools in the Attitude 
Inventory process. 
 
3.6.2 Description of the Professional Development Events Delivered by the 
Colorado Mining Association Education Foundation and the Colorado 
School of Mines Office of Special Programs and Continuing Education 
 
Every year, the Colorado Mining Association Education and the Colorado School of 
Mines Office of Special Programs and Continuing Education run a professional 
development program for K-12 science teachers. This long-standing professional 
development program was developed in response to a recognised need to give 
science educators a good understanding of the importance of metals, industrial 
minerals, aggregates and energy industries.  Entitled “All About Mining – A Total 
Concept of the Mining Industry,” the professional development program is an 
intensive four-week summer training course that provides a comprehensive overview 
of all phases of the mining and mineral processing industries. Topics such as 
geology, geophysics, exploration, mining methods, metallurgical operations, metal 
applications, research, marketing, careers, economics, recycling and environment are 
covered.  Scientists and industry experts deliver the content of the course via lectures 
and field trips (http://www.allaboutmining.org/).  The field trips are considered 
integral to the course and they include mine and site visits, museum workshops and 
laboratory fieldwork. 
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The providers of the professional development program (the Colorado Mining 
Association Education Foundation and the Colorado School of Mines Office of 
Special Programs and Continuing Education) identified possible ways that the 
guiding principles for the professional development program could be achieved.   
The aim for the professional development program was to expand the science 
educators’ knowledge about the mining and mineral processing industries so that 
they could use this content knowledge in their science classroom and provide their 
students with authentic applied science examples from the content covered in the 
professional development program.  The guiding principles that were used to develop 
the professional development program were: 
 
 accessing up-to-date information about America’s mining and mineral 
processing industries; 
 identifying ways that the mining and mineral processing industries approach 
environmental issues and rehabilitation; 
 interacting with scientists and industry experts leading to the science 
educators forming professional relationships with them; 
 learning about the mining and mineral processing industries by participating 
in field trip visits to operating mines, laboratories and plants; 
 exchanging ideas embedding authentic examples about the mining and 
mineral processing industries into the curriculum with other participants; and  
 developing lesson plans with other participants that align to the science 
curriculum that can be used on the participants return to the classroom.  
 
The science educators who participated in one of these summer schools delivered by 
the Colorado School of Mines Office of Special Programs and Continuing Education 
in 2007 completed the Feedback Survey.    
 
3.6.3 Description of the Professional Development Events Delivered by the 
Queensland Centre for Advanced Technologies and Education 
Queensland   
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QCAT is the Commonwealth Science and Industrial Research Organisation’s 
(CSIRO) research facility based at Pinjarra Hills in Brisbane, Queensland.  The 
centre was set up to support research in the mining and mineral processing industries 
and is the largest research and development precinct in Australia 
(http://www.qcat.csiro.au/).  As well as scientific research, QCAT promotes science 
education and provides outreach to science teachers in the belief that teachers and 
scientists can benefit from a program that engages both groups.  The QCAT precinct 
is in close proximity to a number of schools and the scientists working at the centre 
were willing to form professional partnerships with the teachers.  This enabled the 
professional development program to be established.   QCAT was keen to raise 
awareness of their scientific research with the local community and a professional 
partnership with teachers from Education Queensland was seen as an ideal way to 
achieve this.  
 
At the same time, a series of recommendations was proposed by the Queensland 
Government to ensure that school students had access to high-quality science 
education (Spotlight on Science, 2003).  In a six-step action plan, building 
productive partnerships between schools and research organisations was seen as a 
way to achieve this aim.  It was recognised that there would be benefits for both 
science educators and science researchers and that it would work if a professional 
mentoring relationship could be developed between the two sectors.   
 
As time progressed, the Queensland Government reviewed Spotlight on Science 
(2003) recommendations and from that review, it developed the Science Education 
Strategy (2006-2009).  As a direct outcome of this strategy, Senior Science Officers 
(SSOs) were employed by Education Queensland to liaise with industry and research 
organisations to create professional development programs that helped teachers 
increase their knowledge and skills in their teaching of science.  They were charged 
with identifying real-life science learning experiences for teachers, with the aim of 
enabling the teachers to engage in this experience and take their newfound 
knowledge back into their classrooms.  The science teachers who had been part of 
the professional development programs were then encouraged to teach science using 
the authentic industry examples that they had encountered during their professional 
development experience.     
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The “Education Queensland - Clean Energy” professional development program was 
one of the programs designed under the Science Education Strategy 2006-2009.  The 
professional development programs planned by the SSOs were set up to meet 
specific aims but also to be flexible enough so that, if teachers wished to contribute 
or tailor the program to their own individual learning needs, that could also be 
accommodated.  However, the general aim of the professional development program 
was to increase teachers’ knowledge of the mining and mineral processing industries 
so that they could use this content knowledge in their science classroom and provide 
their students with authentic applied science examples. 
 
The general aim for the program was distilled further into the following specific 
aims: 
 
 improve teacher’s content knowledge about the mining and mineral 
processing industries; 
 provide teachers with real-world examples of scientists “working 
scientifically” in the mining and mineral processing industries; 
 provide resources for teachers to write curriculum documents using their new 
content knowledge about the mining and mineral processing industries; and  
 foster continuing interaction between teachers and scientists in an attempt to 
develop professional partnerships between the two groups. 
 
The SSOs were instrumental in planning and implementing this professional 
development program and it was intended to be a continuous program that engaged 
science teachers over a two-year period.  While the specific aims of the program 
outlined above were fixed, each SSO was given the flexibility to deliver the program 
in their own way to ensure that they catered for the individual needs of the 
participating teachers.  The SSO that was involved in this study took a novel 
approach.  From the start, the SSO engaged all stakeholders in order to foster a 
shared understanding of the aims and outcomes of the professional development 
program.  These stakeholders included representatives from QCAT, a Head of 
Department of Science at a local high school, teacher representatives from the 
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schools who were intending to participate in the program (both primary and high 
school), an industry representative and the Education Advisor from the Queensland 
Resources Council (QRC).  The SSO drew from this broad pool of expertise and 
designed the professional development program by taking their advice into account 
as the Education Queensland – Clean Energy professional development program was 
developed. 
 
The Education Queensland – Clean Energy professional development program 
enabled the teachers to experience a variety of academic and industrial workshops 
involving the mining and mineral processing industries.  The teachers were 
introduced to the scientists who were doing research in these areas in the hope that 
teachers would get to know the scientists and develop professional relationships with 
them.  Previously, Churach (2004) had shown that this arrangement allowed the 
teachers to develop relationships with scientists to a point where they feel 
comfortable in asking questions and sharing experiences.   In this new Education 
Queensland professional development program, it was hoped that a professional 
relationship would develop with the scientists from QCAT. 
 
A series of professional development events formed the “Education Queensland – 
Clean Energy” professional development program.  Initially, teachers attended a 
half-day session where they were introduced to some of the current research projects 
(including virtual fences and coal gasification) carried out by QCAT and met the 
scientists doing the research.  The teachers were able to ask questions about the 
research and were able to discuss the projects with the scientists.  The teachers were 
then taken on a tour of the QCAT complex to look at other research projects 
including clean coal technology, robotics, minerals processing and light metal 
research.  Also, at that initial half-day session, the Education Advisor from QRC 
gave the teachers teaching resources related to the research that the teachers had seen 
during their visit.   
 
After the initial professional development event, the SSO asked the participating 
teachers for feedback which would be used to determine the direction of the future 
professional development events in the program.  A planning meeting was then 
called with the original stakeholders to examine the teachers’ feedback.  The 
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feedback from the secondary science teachers was positive and catered for their 
learning needs.  However, the feedback from the primary teachers was that the 
science content knowledge needed to be modified to make it suitable for their 
learning needs.  Also, the primary teachers did not have the same laboratory access 
that the secondary teachers did so practical activities would need to be modified if 
they were to incorporate the “Working Scientifically” component into their unit plans 
using examples from the science research that they had engaged in at the QCAT 
facility.   These issues were taken into account and were used by the SSO to direct 
the future planning of the professional development events.   
 
The next professional development event was a content-rich program based around 
energy obtained from coal.  To accommodate the primary teachers, the Education 
Advisor from QRC had produced a teaching resource that would link the content to a 
primary context.  Two low emissions technology and mining systems scientists from 
QCAT gave presentations about coal research they were currently working on.  At 
this session, the teachers were again encouraged to ask questions and to interact with 
the scientists.  The Education Advisor from QCAT was also on hand to link the 
research back to the classroom.   
 
The next professional development session engaged the teachers in thinking about 
how the mining and mineral processing industries content knowledge could be 
incorporated into unit plans to enable teachers to engage their students in as many 
hands-on practical science activities as possible about these industries.  A secondary 
teacher had work-shadowed a scientist at QCAT and she gave a presentation 
recounting the experience and describing how the work shadowing experience had 
translated into teaching practice.  She described how she incorporated the content 
knowledge that she had encountered and how she had embedded learning 
experiences into her units of work when she returned to school.   At the same 
session, a primary teacher gave a presentation on how the “Primary Connections” 
lesson format could be used as a template to write lesson plans to incorporate content 
knowledge about the mining and mineral processing industries.  The session 
concluded with group discussion consisting of both primary and secondary teachers.  
They decided on an aspect of coal mining and technology that could be incorporated 
and sketched a rough outline of how the teaching plan could evolve.  These ideas 
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were presented to all the participants and discussion followed each presentation.  The 
teachers were invited to think about becoming a member of a writing team that 
would complete the teaching units. 
 
Four teachers volunteered to be a member of the writing team.  The SSO organised 
time for two writing days to be held off-campus to enable the teachers to focus on the 
task and not be disrupted by the day-to-day running of the school.  During the 
writing process, the teachers were able to access the scientists from QCAT and use 
them as a resource.  They also had access to other secondary data sources, including 
digital resources.  As the teachers wrote the teaching unit, it became clear to them 
that they needed teaching resources to support their teaching.  So, while they were 
writing the teaching unit, they also developed the support materials for teachers to 
teach it effectively. 
 
The SSO supported the writing team by arranging for the draft teaching resources to 
be reviewed by the QCAT scientists and the Education Advisor from the QRC.  They 
were able to give the teachers advice about the content knowledge in the teaching 
resource by ensuring that the science they were incorporating into it (about the 
mining and mineral processing industries) was correct.  They also provided 
assistance to the teachers by helping them to obtain permission to use animations and 
PowerPoint presentations that were incorporated into the teaching resource.    
 
The outcome from the professional development events was that the teachers wrote a 
unit of work and this resulted in the teaching resource called “Energy Today and 
Tomorrow:  Learning about coal and clean coal technologies”.   All the teachers who 
participated in the “Education Queensland - Clean Energy” professional development 
program were surveyed using the Feedback Survey.  As well as this, the researcher 
followed the teachers’ progress as they attended the professional development events 
in the program where they also completed follow-up questions and were interviewed 
about their contribution to the teaching resource.  This process was also documented 
by the researcher.    
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3.7 DATA COLLECTION METHODS USED IN THE RESEARCH 
PROJECT 
 
In an attempt to assess how a professional development program affected changes in 
teacher attitudes towards the Mining and Minerals Processing Industries, Churach 
(2005) developed a “Feedback Survey” questionnaire that provided quantitative 
responses.  This Feedback Survey has been enhanced by adding a qualitative data 
collection technique and, together, they provided a dataset known as the “Attitude 
Inventory”. 
 
The researcher was familiar with the aims and purposes of the three professional 
development programs and attended the majority of the professional development 
events.  Each professional development program provided a rich source of data 
(initially quantitative and later qualitative) that the researcher used for analysis.  
Participants of all three professional development programs provided quantitative 
data via the Feedback Survey while the professional development program provided 
by QCAT and Education Queensland provided both quantitative and qualitative data 
for the research project.  
 
3.7.1 Feedback Survey Quantitative Data Collection – Phase 1 of the Attitude 
Inventory Process 
 
Phase 1 of the Attitude Inventory process, known as the “Feedback Survey”, was the 
quantitative data collection instrument used in this research study. Developed by 
Churach in 2003 (Churach, 2005), the Feedback Survey tool was reviewed and 
approved for use by academic staff at both Murdoch University, Extractive 
Metallurgy Department and Curtin University, Science and Mathematics Centre 
(SMEC).  This questionnaire enables quantitative data to be collected by means of a 
survey based on the Likert scale.  Likert devised this polytomous scale to allow the 
participants to select from a range of responses for each question or statement.  These 
responses are then given a numeral value to allow for mathematical or statistical 
analysis to be applied. Churach reported that this instrument was a reliable and valid 
data collection instrument to determine knowledge and attitudinal change in the 
mining and mineral processing industries (Churach, 2005). 
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Although Popham & Sirotnik (1973) argue that greater power and flexibility can be 
gained from using parametric statistical tests, the data in this study were subjected to 
non-parametric testing to determine the difference between the two related (matched) 
samples, namely before the professional development event and after the 
professional development event.   In this research study, the data consists of two 
groups of matched pairs measuring the same individuals in a pre- and post-test 
comparison.  The matched pairs were subjected to statistical analysis to show that the 
correlation between them was valid.  This statistical analysis is covered in Chapter 4. 
 
The Feedback Survey used in this study was designed to enable data to be collected 
from science educators on their relative knowledge and attitude levels about the 
mining and mineral processing industries both prior to, and then following, their 
involvement in a professional development event. In each case, the Feedback Survey  
(asking for both “before” and “after” responses) was only given to the science 
educators to complete after they had completed their professional development event.  
This approach gave the respondents a better idea of their actual relative knowledge 
and attitudes before and after professional development. 
 
For the responses, a 5-point Likert Scale was used with 1 being “Strongly Disagree”, 
2 being “Disagree”, 3 being “No Opinion”, 4 being “Agree” and 5 being “Strongly 
Agree”.  The odd-number of points in this Likert Scale ensures that there is a mid-
point that can be used for a neutral response. 
 
Participants were asked to respond to each of the 16 items from their point of view 
before their first professional development and then again from their point of view 
after undergoing whatever number of professional development events they 
completed within the professional development program this not only gives the 
direction of the change, but also measures the amount or “relative magnitude” of the 
change.  By giving these data a numerical value they can be tabulated and graphed. 
 
The questions used in the Feedback Survey (APPENDIX B) addressed sixteen 
statements that were considered important for success in the professional 
development programs.  Each participant responded to the statements by indicating 
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their position on the Likert Scale (from 1 to 5) for both before and after the 
professional development event.  The statements in the Feedback Survey for the 
science educators to rate were: 
 
1. My overall knowledge of the mining and mineral resource industry is very 
extensive. 
2. I believe that careers in the mining and mineral resource industry are 
worthwhile recommending to my students. 
3. I have a very positive attitude towards the mining and mineral resource 
industry in Australia. 
4. I believe an excellent way to solve environmental problems can be found 
through mining and mineral resource research. 
5. I use examples of the mining and mineral resource industry in my classes 
frequently. 
6. I know a scientist I can email or phone to get information concerning a 
mineral processing or chemistry question. 
7. I consider mining and mineral resource industries in Australia to be modern 
and high-tech. 
8. I think that mining and mineral resource industries offer exciting career 
paths for young people. 
9. I talk to colleagues and friends about issues concerning the mining and 
mineral resource industry in Australia. 
10. I believe that people in the mining and mineral resource industry care about 
the natural environment. 
11. The more teachers do hands-on activities, the better they will understand the 
mining and mineral resource industry. 
12. I provide information to students concerning the possibility of a mining and 
mineral resource major at university. 
13. I have a positive view of career researchers and scientists in the mining and 
mineral resource industry. 
14. Getting a bit of an “inside view” of the mining and mineral resource 
industry makes me a better teacher.  
15. Getting a bit of an “inside view” of any Australian industry makes me a 
better teacher. 
16. Professional development programs that offer a maximum amount of 
science content-oriented material make me a better classroom teacher.  
 
The results of all the surveys from the individual teachers before were tabulated and 
tallied, both before and after the respondents participated in the professional 
development events was determined.  The data averages for each of the questions 
from the teacher responses were then tabulated and graphed to highlight if there were 
any changes in attitude before and after the professional development event.  The 
responses showed that there were shifts of different amounts depending on the 
statement set. 
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Though actual values of responses cannot be taken as a meaningful reflection on the 
professional development program, the shift in average response can be interpreted 
as a change in teacher attitude towards mining and mineral processing industries.  A 
positive shift in score is interpreted as a positive shift in teacher attitude towards the 
industry while a negative shift in score is viewed as a negative shift in teacher 
attitude towards the industry.   
 
While the data collected from the Feedback Survey enable the participant to give a 
range of responses with numerical values that can be graphed to show a magnitude of 
difference, there is no way of checking why the participant chose a particular number 
for each statement set.  For this research study, it is also important to discover why a 
participant answered the way they did.  Additional qualitative data could provide this 
information and increase the richness of the quantitative data collected from the 
Feedback Survey.    This is why mixed methods to collect data were used in this 
research study. 
 
3.7.2 Clarification Tool Qualitative Data Collection – Phase 2 of the Attitude 
Inventory Process 
 
The statements in the Feedback Survey were hard-wired and there was no way of 
determining why the participants gave the responses that they did.  Because of this, it 
became evident that the responses required further investigation so that they could be 
probed for further detail.  When the data from the Feedback Survey were graphed, it 
was evident that there was a greater shift in some statement sets than in others. The 
statement sets with the greatest shift were chosen for further investigation i.e., 
statements 1, 5, 6 and 12.  Statement 16 was also included as it had the smallest shift. 
The science educators who attended the QCAT/Education Queensland professional 
development program were given the follow-up questions to complete.  Table 3.2 
below shows the follow-up questions and the related statement set that forms Phase 2 
of the Attitude Inventory process. Further, the same science educators who attended 
the QCAT/Education Queensland were also interviewed to clarify their answers in 
the follow-up questions and they were also asked to provide teaching examples to 
illustrate their answers.   
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Table 3.2 
Follow-Up Questions and the Related Statement Set in the Feedback Survey 
Follow-up 
Question 
Number 
 
 
Question 
 
Associated statement number linked 
to the Feedback Survey 
1 List the new things that you learnt from the scientists in the PD 
QCAR workshop.   
 
1. My overall knowledge of the 
mining and mineral resource 
industry is very extensive. 
  
2 Have you been able to use any examples from the workshop to 
enhance your teaching?  What examples have you used?  
 
5. I use examples of the mining and 
mineral resource industry in my 
classes frequently. 
 
3 Since the workshop, have you been in touch with either of the 
scientists that spoke at the workshop? 
 
In general terms why did you contact them? 
 
If you haven’t contacted them yet, are you intending to?  
 
6. I know a scientist I can email or 
phone to get information 
concerning a mineral processing 
or chemistry question. 
 
4 Do you believe that you have a role as a classroom teacher in 
giving career education to your students?  
  
Do you talk to your students about career choices in general?   
 
Do you specifically talk about career choices in the mining and 
mineral processing industries?  
  
Can you give some examples of how you go about teaching career 
choices with your students? 
 
12. I provide information to students 
concerning the possibility of a 
mining and mineral resource 
major at university. 
 
5 How has the content about the mining and mineral processing 
industries that you learnt from the workshop helped you plan a unit 
of work for your students?  
 
16. Professional development 
programs that offer a maximum 
amount of science content-
oriented material make me a 
better classroom teacher.  
 
6 How has your participation in the workshop enhanced you 
students’ learning?  
 
16. Professional development 
programs that offer a maximum 
amount of science content-
oriented material make me a 
better classroom teacher.  
 
 
In order to obtain a consistent picture of the teachers’ experiences and changed 
perceptions, the qualitative data were collated and cross-referenced back to the trends 
shown on the graphs.  Data reduction occurred by inductively identifying themes and 
assigning statements to the identified themes that refined and substantiated their 
validity (Cohen, Manion, & Morrison, 2000). From these qualitative instruments, 
greater insight was gained into the actual changes that the teachers were reporting 
and they allowed the reasons for these shifts to be deduced.   
 
Qualitative data were collected using written questions and interviews from the 
group of teachers involved in the QCAT/Education Queensland professional 
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development events.  The follow-up questions and interviews were used to clarify the 
teachers’ responses to the Feedback Survey and this provided the information 
required to complete the Attitude Inventory in full. 
 
3.8 CONCLUSION 
 
This chapter has outlined the methodology for obtaining the data that has been used 
in this research study.  The initial data were quantitative and collected by using the 
Feedback Survey.  Following analysis of this data, it became obvious that qualitative 
data in the form of the Clarification Tool follow-up questions and interviews were 
also required to make sense of the quantitative data, allowing a rich data set to be 
established.   
 
This chapter has also outlined the professional development events that the science 
educators attended and how the data collected from the participants contributed to 
quantitative and qualitative data set of this research study. Because they produced 
good data sets for both quantitative and qualitative information, a higher level of 
detail was paid to the results from the science educators who attended the QCAT and 
Education Queensland professional development events. 
 
Finally, the chapter has described how the mixed method design for collecting data 
enabled the researcher to delve into the reasons for the shifts in the Feedback Survey 
results and how it enabled the first phase of the research to be developed further into 
Phase 2 of the Attitude Inventory process and produced the Clarification Tool. 
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CHAPTER FOUR 
 
RESULTS 
 
4.1   INTRODUCTION 
 
The preceding chapters have outlined the theoretical basis for this research study and 
described how secondary data underpin its framework and methodology.  The 
theoretical basis also informed the design of the process for the way the data would 
be collected. Creswell (2005) states that quantitative data alone is not sufficient to 
explain why respondents give the answers they do.   It became very evident from the 
results of the quantitative data collected in this study that there were distinctly larger 
shifts in the average differences for four of the questions than for the rest of the 
questions.  To explain these distinct differences, it was decided to use an approach 
where, rather than collecting quantitative data alone, both quantitative and qualitative 
data were collected. This mixed-method research approach to data collection is better 
because it produces a richer data set that allows a more in-depth analysis to be 
performed (Creswell, 2005). 
 
This chapter examines the primary data collected using the “Feedback Survey” 
survey tool for each of the professional development programs run at several 
institutions including the Centre for Sustainable Resources Processing 
(CSRP)/Murdoch University, the Colorado Mining Association Education 
Foundation/Colorado School of Mines Office of Special Programs and Continuing 
Education, and the Queensland Centre for Advanced Technologies 
(QCAT)/Education Queensland.  All the quantitative data collected during these 
professional development programs were tabulated and graphed as a whole to enable 
visualisation of the changes in the set of statements before and after a professional 
development event.  Then, the quantitative data set is examined through the lens of 
the research questions.  Finally, the quantitative and qualitative data collected from 
the QCAT/Education Queensland professional development program were 
considered together and inferences drawn from these data. 
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4.2 COLLECTION OF QUANTITATIVE DATA AND PRELIMINARY 
STATISTICAL CALCULATIONS 
 
In this research study, participants completed their answers for the Feedback Survey 
questionnaire (both before and after PD) together in one sitting.  As described in 
Chapter 4, the word responses were converted to numbers via a polytomous, 5-point 
Likert Scale that matched each of the responses strongly 
disagree/disagree/neutral/agree/strongly agree (Cohen, Manion, & Morrison, 2000) 
with 1 being “Strongly Disagree”, 2 being “Disagree”, 3 being “No Opinion”, 4 
being “Agree” and 5 being “Strongly Agree”. 
 
Scale analysis was then applied to the quantitative data results from the Feedback 
Survey. The statistical means and standard deviations were derived for the pooled 
Likert scale results for each of the questions in the Feedback Survey. The item mean 
for each of the questions is the average of the combined scaled responses (numeric 
datasets) for each of the questions both before and after the PD event.  In a similar 
fashion, the item sd (standard deviation) shows the standard deviation of these 
datasets.  These data were then graphed to see whether or not visual conclusions 
could be made about the change (shift) in the responses both before (pre) and after 
(post) a professional development event. 
 
 
4.3   STATISTICAL VALIDITATION OF THE QUANTITATIVE DATA 
COLLECTED IN THE STUDY 
 
In this study, numerical quantitative data were collected about science educators’ 
perceptions of the professional development programs on a ranking scale from 1 to 5 
(Likert Scale).  The first question is: how do you interpret these data?  Traditionally, 
means and standard deviations have been used to interpret numerical results.  
However, in this case, the numerical results are qualitative and are confined to a 
defined and restricted range.  So, the challenge was to determine what statistical 
techniques are available that are both analytically valid and that can provide 
meaningful inferences?  Also, the statistical techniques have to be valid for data that 
have small sample numbers and that may not be normally distributed.  
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Even though the data were limited to a five-point range, means and standard 
deviations can legitimately be determined from the pre and post PD event data sets 
that were collected.  However, rather than being hard, fixed and defined values that 
are a measure of some physical property that has a particular application in a 
technical sense, the means and standard deviations derived from the data collected in 
this study represent a measure of the spread of the scores within the pre-PD event 
data and the spread of scores in post-PD event data.  A comparison can be made 
between these spreads of scores to see if they are just randomly related (related 
purely by chance) or if there is some valid relationship between them. 
 
The second question is: how big an effect has the PD event had on the participants?  
Where data are collected from the same participants each time, the study is deemed 
to have been done by “repeated measures design”.  A study where data are collected 
from two or more separate groups with different participants in each group (as is the 
case for this research work) is called an “independent measures design” study.  The 
Feedback Survey is the survey tool that was developed as a direct result of the 
independent measures design done for this research work. 
 
The quantitative data collected via the Feedback Survey from each of the three sets 
of educators from CSRP/Murdoch (2003-2006, n = 64), Colorado School of Mines 
(2007, n = 22) and QCAT/EQ (2008-2009, n = 25) were entered onto separate 
worksheets in a Microsoft Excel spreadsheet.  Finally, these three separate datasets 
were combined on a single worksheet in the same spreadsheet to give a total dataset 
of (n = 111) science educators who using the Feedback Survey in this study were 
collated in a raw data worksheet, a Microsoft Excel spreadsheet, and tabulated to 
enable them to be displayed clearly and to allow visual comparisons to be made 
between the scales.  Both the tabulated data and the graphical data seemed to look 
realistic and there were some obvious trends in the graphical results.  However, 
rather than simply accepting that these data were reasonable, it was decided that it 
should be tested statistically to determine whether the “before” and “after” results 
were valid or not.  
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One advantage of independent measures design is that more participants are used in 
the overall experiment and, compared to repeated measures design, it increases 
external validity (i.e. the extent to which the results of a study can be generalised to 
other situations and to other people) (Cohen, Manion, & Morrison, 2000). 
 
A disadvantage of using independent measures design is the potential for error 
resulting from the individual differences of the participants, because they do not 
match those in other groups, which could affect the results and, therefore, the internal 
validity (reliability).  The participants no longer become a control variable because 
two different groups of people are being used and it could be said that the results 
turned out the way they did because of other factors present in each group before the 
experiment even took place (Cohen, Manion, & Morrison, 2000).  This is especially 
true where there is a low number of participants and, ideally, the number of 
participants should be greater than 20.  In this research study, this disadvantage was 
overcome by using both a larger number of participants (n = 111) and by collecting 
qualitative data to help give clear reasons why participants answered the way they 
did on the Feedback Survey. 
 
To check whether differences between item means for pre and post PD events were 
statistically significant, a non-parametric statistical analysis was performed for each 
question.  In this case, the appropriate analysis methods chosen to apply to the data 
to determine significance and confirm that it was valid was the Mann-Whitney test 
which defines the “U” statistic (Cohen, Manion, & Morrison, 2000). 
 
The Mann-Whitney U test is specifically designed for the analysis of data collected 
via independent measures design.  It is a non-parametric test of the null hypothesis 
that the results from two separate populations are similar for a two-condition test, 
especially where one particular population tends to have larger values than the other 
(Cohen, Manion, & Morrison, 2000). Put simply, it is used to determine if a 
difference exists between the groups that are being studied. The Mann-Whitney U 
test is often viewed as the non-parametric equivalent of the student's t-Test.  The 
main difference between the Mann-Whitney U test and the student’s t-Test is that 
normal distribution of data is not necessary for use of the Mann-Whitney U test 
(MacFarland, 1998). 
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The p statistic is a measure of how well the data distributions overlap each other.  It 
also gives the probability that the null hypothesis can or cannot be rejected 
(StatsDirect, 2000-2013).  The null hypothesis in this case is that: there is no change 
in content knowledge and attitude about the minerals and processing industries after 
undergoing a PD event. 
 
For each of the 16 items, the Mann-Whitney Difference (U) was found to be 
statistically highly significant (p<0.001). This p value indicates that there is less than 
one in a thousand chance of failing to reject the null hypothesis being.  When 
presenting p values, as well as quoting the p value itself, statisticians find it helpful 
to use the asterisk rating system because this avoids the imprecise term "significant" 
(nb. in this system, the asterisks should not be used without showing the p values 
themselves). This is why the U statistics have been displayed in this manner. 
 
Now, to further check the validity of the results derived from the Mann-Whitney and 
p-statistic analysis methods, Cohen’s d statistic gives a measure of how big an effect 
there has been on the pre vs post PD results. 
 
Cohen’s effect size (d) measures the size of the effect of an intervention and it is 
used to investigate the combination or interaction of a group of independent studies: 
for example, a series of effect sizes from similar studies conducted at different 
centres (StatsDirect, 2000-2013).  In this research study, the intervention was a 
professional development event or program and the different centres included 
interstate and overseas locations.  The effect size can vary in magnitude from −1 to 
1, with −1 indicating a perfect negative linear relation, 1 indicating a perfect positive 
linear relation, and 0 indicating no linear relation between two variables. Cohen 
(1977) gives the following guidelines for the effect size in the social sciences: 
 
Effect size d 
Small 0.20 
Medium 0.30 
Large 0.50 
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All collation and initial statistical analysis (means and standard deviations) of the 
data was performed in a Microsoft Excel spreadsheet.  The Mann-Whitney U and 
Cohen’s Effect Size (d) calculations were performed in the online statistical analysis 
package provided by Curtin University of Technology, Science Mathematics Centre 
(SMEC). 
 
4.4 TABULATION AND GRAPHICAL PRESENTATION OF RESULTS 
 
The quantitative data from the Feedback Survey were then tabulated.  The full text 
questions have been reduced to only a few words to enable them to fit into the table. 
Consequently, column 1 (Item) in Table 4.1 shows the shortened version of the 
questions asked in the Feedback Survey. 
 
As shown in Table 4.1, all of the differences between the data collected pre-PD and 
post-PD are statistically significant at the level of p<0.001.  This means that there is 
less then one chance in a thousand that the increase in the means is by chance alone. 
This can be interpreted as indicating that the changes in attitudes shown by the 
science educators in the study were much more likely to have been associated with 
the professional development programs they had attended rather than any kind of 
chance occurrence.  Because the qualitative data collected from the Feedback Survey 
is seen to be statically valid, it can be used to support a set of assumptions about 
shifts in science educators’ attitudes before and after the professional development 
programs in which they participated.  The qualitative data can then be displayed in 
such a way to clearly show the set of assumptions.  In this case, the data were 
tabulated and plotted on graphs for clarity.  This process enables the data to be 
analysed and inferences can be drawn from it.  It also enables the data to be classified 
into different sets in-depth analysis can be performed and greater insight into the 
original quantitative data set can be gained.   
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Table 4.1 
 
Item Mean and Standard Deviation for Pre-Post Differences in Science Educators’ 
Attitudes on each Item of the Feedback Survey 
 
Item Item Mean Item SD Difference 
Pre Post Pre Post U Effect 
Size (d) 
1. Knowledge 2.35 3.71 1.09 1.00 7.66*** 0.54 
2. Recommend career 3.67 4.41 1.03 0.69 6.01*** 0.38 
3. View of industry 3.64 4.27 0.99 0.71 6.17*** 0.34 
4. Help environment 3.18 3.98 1.08 0.78 6.47*** 0.38 
5. Use class examples 2.80 3.90 1.26 0.89 7.35*** 0.45 
6. Knows a scientist 2.62 4.11 1.28 1.00 7.61*** 0.55 
7. High-tech industry 3.55 4.45 1.03 0.56 6.86*** 0.47 
8. Offers exciting career 3.61 4.47 1.08 0.55 6.83*** 0.44 
9. Talk to colleagues 2.82 3.82 1.14 0.96 6.72*** 0.43 
10. Cares for environment 3.08 3.89 1.06 0.80 6.40*** 0.39 
11. Hands-on helps  3.95 4.47 0.78 0.71 6.73*** 0.33 
12. Recommend Uni major 2.79 3.91 1.18 0.92 7.52*** 0.46 
13. View of researchers 3.54 4.41 1.02 0.62 7.01*** 0.44 
14. M&MP PD good 3.58 4.38 1.02 0.71 7.21*** 0.41 
15. Any industry PD good 3.77 4.37 0.93 0.66 6.04*** 0.34 
16. Content PDs good 3.94 4.39 0.99 0.75 5.18*** 0.25 
***p<0.001 (n = 111) 
 
 
4.5 FINDINGS FROM THE QUANTITATIVE DATA FOR THE WHOLE 
COHORT 
 
Once the validity of the quantitative data had been established, another data table 
was devised.  In this table, the quantitative data were tabulated under the following 
headings:  Item (which was the statement topic from the Feedback Survey), the mean 
before the professional development program (PD), the mean after the professional 
development program (PD) and the mean shift.  This arrangement of the data set 
enabled the mean shifts for each statement to be compared.  The data table showed 
that for every statement in the Feedback Survey, there was a positive mean shift and 
no negative mean shift.  This is shown in Table 4.2. 
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Table 4.2 
Item Mean before PD and after PD and the Mean Shift for the Science Educators’ 
Attitudes on each Item (Statement on the Feedback Survey) for the whole cohort 
 
Item Before PDs After PDs Shift 
1. Knowledge 2.35 3.71 +1.36 
2. Recommend career 3.67 4.41 +0.74 
3. View of industry 3.64 4.27 +0.63 
4. Help environment 3.18 3.98 +0.80 
5. Use class examples 2.80 3.90 +1.10 
6. Knows a scientist 2.62 4.11 +1.49 
7. High-tech industry 3.55 4.45 +0.90 
8. Offers exciting career 3.61 4.47 +0.86 
9. Talk to colleagues 2.82 3.82 +1.00 
10. Cares for environment 3.08 3.89 +0.81 
11. Hands-on helps 3.95 4.47 +0.52 
12. Recommend uni major 2.79 3.91 +1.12 
13. View of researchers 3.54 4.41 +0.86 
14. M&MR PD good 3.58 4.38 +0.80 
15. Any industry PD good 3.77 4.37 +0.59 
16. Content PDs good 3.94 4.39 +0.45 
(n = 111) 
 
From this table, the mean before the PDs and the mean after the PDs for each scale 
were graphed.  By graphing these two components, a visual representation of the 
shifts in the means could clearly be displayed, enabling the comparisons of the scales 
to be made.  This visual representation shows that there has been a positive shift in 
each of the means for the statements in the Feedback Survey.  Importantly, there 
were no zero movements (i.e. where the mean remained the same) or negative shifts 
in any of the means for any statement in the Feedback Survey.  This is shown in 
Figure 4.1.  
 
The shifts are not uniform and some shifts have been greater than others.  For 
example, the mean shift for statement 16 “Content PDs Good” is the smallest, but the 
mean starts at a high position initially.  Statement 1 “Knowledge” and statement 6 
 81 
“Know scientist” are the largest shifts, but their means start from a low initial point.  
However, the size of the shift is not strictly related to the starting level of the mean 
for each question topic.  For example, some statements whose pre-PD mean started at 
a higher level (statements 7, 8 & 13) also had quite large shifts. 
 
Figure 4.1 
Item mean before PD and after PD and the mean shift for the science educators’ 
attitudes on each item (Statement on the Feedback Survey) for the whole cohort 
shown as a graph 
 
 
Some mean shifts were small, especially where the initial mean had already been 
scored as high.  For example, statement 16, “Professional development programs that 
offer a maximum amount of science content-oriented material make me a better 
classroom teacher” had a +0.45 positive mean shift.  But was scored as 3.94 before 
the PD and scored 4.39 after the PD.  Similarly, the initial score for statement 11, 
“The more teachers do hands-on activities, the better they will understand the mining 
and mineral resource industry” had a +0.52 positive shift but also started from a high 
initial mean.  This can be interpreted as the science educators who completed the 
Feedback Survey already had a positive attitude to the statements in the Feedback 
Survey before the PD programs and increased their positive attitude to these 
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statements after the PD programs.  This then resulted in a small positive mean shift 
for these statements.   
 
The Feedback Survey was used as tool to collect quantitative data from the whole 
cohort and can be manipulated to show mean shifts, but it could not identify why the 
science educators scored the statements the way that they did.  The Feedback Survey 
provided a valuable starting point to examine the quantitative data but, to make sense 
of it, qualitative data was also required.  So, the mixed method approach using the 
Clarification Tool (combined quantitative and qualitative data collection) became a 
useful way to collect data from the science educators attending professional 
development programs for science educators about the mining and mineral 
processing industries. 
 
Selected statements from the Feedback Survey were used to answer the research 
question for this study.  The specific questions can be identified and the mean shifts 
for each question can be presented and analysed.   While some statements 
demonstrate evidence for support of the answer to the research question, other 
research questions need qualitative data to give more evidence in support of the 
answer.  This will be outlined in the following paragraphs. 
 
4.5.1 Science Educators’ Knowledge of the Mining and Mineral Processing 
Industries after Professional Development Programs 
 
The selected statements from the Feedback Survey used to determine the science 
educators’ knowledge of the mining and mineral processing industries after the 
professional development programs were: 
 
 statement 1 “My overall knowledge of the mining and mineral resource industry is 
very extensive”, 
 statement 14 “Getting a bit of an “inside view” of the mining and mineral resource 
industry makes me a better teacher” 
 statement 15 “Getting a bit of an ‘inside view’ of any Australian industry makes me 
a better teacher”, and 
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 statement 16 “Professional development programs that offer a maximum amount of 
science content-oriented material make me a better classroom teacher”.   
 
The lowest mean for the before PDs results was for statement 1. Its mean of 2.35 
shifted to a mean of 3.71 after the PDs making it a mean shift of +1.36.  This seems 
to indicate that the science educators believed that there was a positive change in 
their overall knowledge of the mining and mineral resource industry after the 
professional development program.  Even though the mean shifts for the other scales 
about the science content were not as large, the shift for statement 14 had a mean 
shift of +0.80 and statement 15 had a mean shift of +0.59.  While statement 16 had a 
smaller mean shift of +0.45, it still was a positive shift.  As the professional 
development programs were content-rich and specifically targeted the science 
content about the mining and mineral processing industries, a positive mean shift 
shows that they were achieving the professional development programs’ stated aims.  
It is clear that science educators’ knowledge of the mining and mineral processing 
industries improved through targeted professional development programs. 
 
4.5.2 Application of Content Knowledge to the Curriculum Documents 
 
While the Feedback Survey enabled a conclusion to be drawn about the increase in 
science educators’ content knowledge about the mining and mineral processing 
industries, it did not give any indication about whether science educators were able 
to link their newfound knowledge to curriculum documents.  At this stage of the 
research project, a conclusion about content knowledge to curriculum documents 
could not be reached.  An additional step was required that qualified the quantitative 
data. 
 
By using the mixed method approach (Clarification Tool) for data collection to 
investigate this research question, a definite conclusion could be reached.  The 
QCAT/Education Queensland cohort was used to collect qualitative data about the 
science educators’ ability to apply the science content associated with the mining and 
mineral processing industries to the curriculum documents. This cohort of science 
educators, were given follow-up questions and were interviewed and this qualitative 
data set provided evidence to show that they were able to give reasons about why 
 84 
they answered the Feedback Survey questions in the way that they did. When this 
qualitative, mixed method approach was applied, a definite conclusion emerged. 
 
All of the professional development programs had a practical component, including 
laboratory work and field trips, embedded into the program.  In this context, the PD 
event provided participants with authentic hands-on experience in science content 
knowledge and its relationship to the mining and mineral processing industry.  The 
results from the Clarification Tool showed that they took these examples and linked 
them to the curriculum documents and applied this in their classrooms.  Statement 5 
on the Feedback Survey (“I use examples of the mining and mineral resource 
industry in my classes frequently”) relates this application of authentic examples of 
applied science in the mining and mineral processing industries to the curriculum 
documents and authentic learning activities in the classroom.  It started with a low 
initial mean of 2.80 before the PDs and increased to a mean shift of 3.90 after the 
PDs, a relatively large shift of +1.10. 
 
Examples of science content also included the technologies associated with 
processing minerals and environmental testing and rehabilitation.   This could be 
interpreted as the science educators’ not having examples of applied science in the 
mining and mineral processing industries in their teaching repertoire before the PDs, 
gaining the examples during the PD event and then, after PD, applying them in the 
classroom with their students.  This is further examined in the qualitative data set 
analysis in Section 4.9. 
 
Statement 11 (“The more teachers do hands-on activities, the better they will 
understand the mining and mineral resource industry”) is also related to science 
educators’ ability to apply content knowledge of the mining and mineral processing 
industries to the curriculum documents.  On the Feedback Survey, the science 
educators already agreed with this statement pre-PD and this resulted in a mean of 
3.95.  After the PDs, there was a positive shift in the mean of +0.52 to 4.47.  Also, 
the qualitative data collected using the Clarification Tool phase concluded that the 
science educators were able to apply their content knowledge of the mining and 
mineral processing industries to the curriculum documents (see Section 4.9). 
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4.5.3 Content-rich Professional Development Programs and Science 
Educators’ Attitudes about the Mining and Mineral Processing 
Industries  
 
The science educators scored a positive mean shift for all the statements related to 
their attitude about the mining and mineral processing industries.  These statements 
not only included their attitude about the mining and mineral processing industries, 
but also included statements about their perceptions of the mining industry’s 
stewardship towards the natural environment and it being a high tech industry.  The 
results also showed that there was a positive shift in the mean for talking to 
colleagues and friends about mining and mineral processing issues.   
 
The science educators’ view of the mining and mineral processing industries was 
high before the PDs.  Statement 3, “I have a very positive attitude towards the 
mining and mineral resource industry in Australia” was scored with a mean of 3.64.  
This shifted to a mean of 4.27 after the PDs with a positive shift of +0.74.  This 
would suggest that the PDs increased the science educators’ positive view of the 
mining and mineral processing industries.   
 
Statement 7, “I consider mining and mineral resource industries in Australia to be 
modern and high-tech” can also be considered to contributing to a positive attitude of 
the mining and mineral processing industries.  Before the PDs, the mean for this 
statement was 3.55 and after the PD event the mean was 4.45 with a positive mean 
shift of +0.90.  It could be concluded that the science educators already considered 
the mining and mineral processing industries to be high tech before the PDs.  
Following the PD event, their views were not only confirmed, but they were 
consolidated further. 
 
The two other statements about attitude contributed to a positive mean shift in the 
science educators’ attitude towards the mining and mineral processing industries 
however, this time it was about the environment.  Statement 4, “I believe an excellent 
way to solve environmental problems can be found through mining and mineral 
resource research” and statement 10, “I believe that people in the mining and mineral 
resource industry care about the natural environment”.  These showed a positive 
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mean shift of +0.80 and +0.81 respectively.  Therefore, in this case the content rich 
professional development programs about the mining and mineral processing 
industries did cause an attitude change about the mining and mineral processing 
industries and their environmental stewardship. 
 
Finally, statement 9, “I talk to colleagues and friends about issues concerning the 
mining and mineral resource industry” can also be used as an indicator of attitude 
change on the Feedback Survey.  The science educators in the whole cohort scored 
this statement with a mean of 2.82 before the PDs.  After the PDs the mean was 3.82 
resulting in a positive mean shift of +1.00 for talking to colleagues and friends.  The 
qualitative data collected from the QCAT/Education Queensland gave further 
meaning to this statement as this professional development program enabled the 
science educators to work with their colleagues as they wrote the unit of work.  This 
provided a forum for dialogue for these participants and a vehicle for them to talk to 
their colleagues as they worked together. 
 
4.5.4 Know a Scientist or Researcher in the Mining and Mineral Processing 
Industries 
 
The largest mean shift for the whole cohort was in the scale for statement 6, “I know 
a scientist I can email or phone to get information concerning a mineral processing or 
chemistry question”.  The mean before PDs was 2.62 and the mean after PDs shifted 
to 4.11, which produced a positive mean shift of +1.49.  All the professional 
development programs in this research study included scientists and researchers 
talking to the science educators about their scientific work and provided authentic 
examples and hands-on activities related to the mining and mineral processing 
industries.  The scientists and researchers who worked with the science educators 
during the professional development programs gave them their contact details in case 
they had any further questions about the science content of their industry when they 
taught the science content and used industry examples.  After the PD program, the 
science educators were in a position where they could contact a scientist or 
researcher in that field.  The professional development providers intended that the 
scientists and researchers from the mining and mineral processing industries could 
build rapport with the science educators and from ongoing professional relationships 
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with them.  Further, there was also a positive mean shift in the science educators’ 
view of researchers.  Statement 13, “I have a positive view of career researchers and 
scientists in the mining and mineral resource industry” already had a high mean 
before the PDs of 3.54.  After the PDs it was 4.41 resulting in a positive mean shift 
of +0.86. 
 
These findings go some way in answering whether the science educators were able to 
form professional networks with scientists working in the mining and mineral 
processing industries.  However, just because the science educators had contact 
details of the scientists and researchers, the Feedback Survey tool was unable to 
show whether or not the science educators actually did contact them at all or, further, 
whether they continued to remain in contact with them.  Further data using the 
Clarification Tool was required to completely answer this research question.   
 
Before the PDs, statement 12 “I provide information to students concerning the 
possibility of a mining and mineral resource major at university,” the science 
educators scored this statement quite low with a mean of 2.79.  This mean shifted to 
3.91 after the PDs resulting in a positive mean shift of +1.12.  This indicates science 
educators would consider providing information to their students about university 
study in the mining and minerals processing industries and, taking into account other 
statements, they believe that the mining and mineral processing industries offer an 
exciting career and would recommend it as a worthwhile career choice.   
 
Further, statement 8 “I think that mining and mineral resource industries offer 
exciting career paths form young people” had a positive mean shift of +0.86, while 
statement 2 “I believe that careers in the mining and mineral resource industry are 
worthwhile recommending to my students” had a smaller positive mean shift of 
+0.74.  This could be interpreted as that because the science educators had been 
interacting with the scientists and researchers during the PDs they were better placed 
to understand what the scientists do and would be therefore inclined to recommend a 
career in the mining and mineral processing industries to their students.  This concept 
was further investigated through the qualitative data in Section 4.7. 
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4.6 LINKING THE QUANITIATIVE DATA TO THE QUALITATIVE 
DATA 
 
It must be recognised that it was essential that the quantitative data had to be 
collected first so that it could inform the design of the way that the qualitative data 
was collected.  It was these representations of the data that gave the study the 
direction to focus the qualitative data collection by using follow-up questions and 
interviews.  The qualitative data collection tools were able to give greater insight to 
the initial quantitative data and aided a better understanding to answer the research 
questions.   The two phases of the data collection process are detailed in Figure 4.2.   
 
So, the hard, quantitative data had been collected to show that professional 
development events do indeed affect an attitudinal change in the science educators 
themselves. But, the question is: how do we know that this attitudinal change was 
being translated into practical use by the educators when they returned to their 
workplace?  What were they doing with their newfound knowledge?  Were they 
applying their knowledge of the mining and mineral processing industries to the 
science curriculum?  Also, did they really understand the information that they had 
gleaned?  And, for example, did they actually form, and maintain, professional 
networks with scientists in the mining and mineral processing industries? 
 
The quantitative data alone does not give the full picture and cannot completely 
clarify these questions.  One way of testing this is to follow the science educators in 
their post-professional development journey and see if, and how, the information is 
written into their curriculum documents.  It is only when this information is applied 
by the educators into these documents that you can tell if: 
a) they understood what they experienced in the professional development 
events;  and 
b) they were able to apply the information correctly. 
 
The Clarification Tool does this via two means.  The first element is to conduct a 
series of follow-up interviews with educators using the targeted, open, non-structured 
questions of the Clarification Tool.  The educators are allowed to express themselves 
freely to give a full and honest opinion about why they rated their answers in the 
Feedback Survey the way that they did.  The second element entails following the 
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educators that are involved in writing curriculum documentation and answering the 
related suite of questions in the Clarification Tool. 
 
Figure 4.2  
Flow chart outlining the steps involved in collecting the primary data highlighting 
the parts in Phase 2 of the qualitative data collection process. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Quantitative Data Directs 
 
Qualitative Data Collection 
Researcher administers the 
“Feedback Survey” to the 
science educators who 
participated in the 
professional development 
events   
 
 
 
Researcher administers Part 
1 of the Clarification Tool 
“follow-up” questionnaire to 
the science educators who 
participated in the 
QCAT/Education 
Queensland professional 
development events 
Researcher administers Part 
2 of the Clarification Tool 
by interviewing the science 
educators who participated 
in the QCAT/Education 
Queensland professional 
development events 
Researcher administers Part 
3 of the Clarification Tool 
by interviewing science 
educators’ progress as they 
write the teaching resource 
Phase 1 
Quantitative Data 
Collection (Feedback 
Survey) 
Phase 2 
Qualitative Data 
Collection 
(Clarification Tool) 
 
The Attitude Inventory Process 
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So, going back to the qualitative data from the Feedback Survey, some statements 
stood out as being more significant than others.  Some statements had a greater mean 
shift than all the other statements.  In order in the shift of their mean, these were 
identified as statement 6 Knows a scientist, statement 1 Knowledge, statement 12 
Recommend uni major and statement 5 Use class examples.   Further, there was one 
statement that had the lowest shift.  This was statement 16 Content PDs good.  These 
statements were identified as being of interest and were worthy of further 
investigation in the qualitative data collection.  They are identified and circled on the 
following graph in Figure 4.3. 
 
Figure 4.3 
Item mean before PD and after PD and the mean shift for the science educators’ 
attitudes on each scale – (Statement on the Feedback Survey) for the whole cohort 
shown as a graph with the statements with the four highest shifts in the mean circled 
with a solid line and the statement with the lowest shift in the mean circled in a 
dashed line. 
 
 
As these statements were considered to be of interest, they were explored further 
through a purpose-designed extension of the initial research program.  The 
QCAT/Education Queensland cohort was readily available to the researcher.  In 
1 
2 
3 4 
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addition, the participants from it continued to meet and work together both on a unit 
of work and on a teaching resource about the mining and mineral processing 
industries.  So, it was a logical and easy step to extend the professional development 
program and collect the required qualitative data via follow-up questions and 
interviews with the participants in this cohort. 
 
4.7 THE DATA SET FROM THE CLARIFICATION TOOL 
 
The qualitative data was collected in phase two of the data collection process using 
the Clarification Tool.  This was then tabulated under themes derived from the 
quotes from the science educators in the QCAT/Education Queensland cohort.  
Assertions were then made about the qualitative data and this contributed to the 
completeness in answering the research questions.   
 
4.8 ASSERTIONS DRAWN FROM THE QUALITATIVE DATA USING 
THE CLARIFICATION TOOL 
 
The results from the Feedback Survey informed the direction of the questions and 
interviews that comprised the qualitative data and from this data four assertions were 
able to be made.   Only a selected number of the responses made by science 
educators collected via the Clarification Tool are included in the body text of this 
thesis to justify these assertions.  A full list of responses is available in APPENDIX 
C. 
 
4.8.1 Science educators’ content knowledge about the mining and mineral 
processing industries had improved as a result of participating in the 
professional development events. 
 
Technological advances in the mining and mineral processing industries have been 
rapid and the science educators in the project were learning about these advances for 
the first time.  The science educators realised that after the professional development 
events, their content knowledge had increased. When the science educators were 
asked about the specific content knowledge that they gained from the professional 
development events, they listed a range of science content associated with the 
professional development events.      
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I had never heard of gasification.  AA 
 
I was exposed to the new concept of clean coal.  RR  
 
I have seen different kinds of science and learnt much about mining.  GH 
 
Science educators felt that they had gained confidence in teaching science units 
because of their involvement in the program.  
 
I felt more confident about teaching the Earth science unit because of the knowledge 
that I had gained from the workshops.  MW  
 
My knowledge about mining had improved.  I believe this to be a direct benefit to my 
students, as I am able now use this knowledge in class when I am teaching the units.  
HH  
 
4.8.2 Science educators were willing to provide real world examples of mining 
and mineral processing and careers in the industry when it suited their 
specific teaching needs. 
 
In their interaction with the scientists, science educators were able to identify how 
scientists “Work Scientifically”. Science educators then wanted to incorporate 
opportunities to “Work Scientifically” for their students using mining and mineral 
processing examples. 
  
After touring the QCAT facility, I now see what scientists are doing and understand 
how they work.  AA 
 
When I get the question ‘what’s the point of this’ or ‘how do we know that’ we talk 
about how scientists discovered things.  JP 
 
I like to use real examples of what scientists are doing when it relates to my teaching 
topic.  The interactions with these scientists has allowed me to do that.  MW  
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The science educators were also willing to talk about careers in the mining and 
mineral processing industries as examples of exciting and interesting scientific 
opportunities.  
 
That’s the whole point – they are in school. I’m often talking to them about academic 
success to make kids realise that some people do the activities, e.g. in science, for 
their work… to point out people can pursue their passions as a career.  DF 
 
However, the science educators did not lose sight of their teaching role to cater for 
the learning needs of their students.  The science educators were aware of the 
individual learning needs of their students and were mindful to adapt any new ideas 
to benefit their students.  
 
My students are engaging with new concepts about mining and I find that planning 
hands-on activities for the student is very beneficial.  ES  
 
Teachers are able to use the information to cater for the different learning styles and 
learning needs in their classes.  DR  
 
4.8.3 Science educators were able to write curriculum documents and teaching 
resources using material from the professional development events.  
 
After the professional development events, a group of science educators (the 
QCAT/Education Queensland cohort) independently decided to write a resource, 
based on the mining and mineral processing industry, to enable them to teach the 
new content.  Also, pedagogical skills were included in the resource to aid in the 
teaching process.  Even though this outcome was not the original intention of the 
project, the SSO was able to facilitate the development of the resource and support 
the science educators in this endeavour.  The resource has been distributed to the 
science educators involved in the project and now other science educators, who were 
not involved in the project, have been given copies to use when they are teaching 
“Earth and Beyond”. 
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I feel confident in writing teacher resources about mining.  I changed some old 
activities to suit the new content.  MG   
 
Given the nature of the unit tasks we have written, we were able to adapt assessment 
tasks to fit the new content about mining and the processing of minerals.  ES  
 
The components of the resource have been used to re-develop a Year 9 unit.  ES  
 
4.8.4 Science educators had not initiated any further contact with the scientists 
after the professional development events, even though they believed that 
it would be beneficial.    
 
Because they were participating in the project, the science educators were allocated 
time during normal work hours to attend away from their classes.  This enabled them 
to have uninterrupted interaction with the scientists during the course of the PD 
events.  However, when the professional development events were finished, the 
science educators returned to their normal (busy) routine.  So, even though the 
science educators thought that such a relationship would be beneficial, the ability for 
them to have an ongoing professional relationship with the scientists did not 
eventuate. 
 
I can see that links can be developed between the school and QCAT.  AA 
 
I was interested in the scientist’s background and how they became involved in their 
career.  AC  
 
Science educators cited time constraints as the reason for not contacting the 
scientists.   
 
The scientists at QCAT are busy and I haven’t had time to contact them either.  AB  
 
That’s the whole point – we are in school and the scientists are working at QCAT.  
We are both really busy.  DP 
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However, science educators did indicate that they would contact the scientists in the 
future if required. 
 
Its handy to have access to materials, e.g. coal, if I need it.  RR 
 
Access to the scientists and their knowledge is valuable and I know who to contact if 
I need to.  RH 
 
The group of science educators that wrote the unit plan and teaching resource about 
the mining and mineral processing industries did have further contact with the 
scientists.  They interacted with the scientists during the writing phase and consulted 
with them when they wanted to check their content knowledge about the mining and 
mineral processing industries.  This enabled them to feel confident about the 
accuracy of the content of the resource before it was published and used by other 
science educators but once the professional development program came to an end the 
interaction between the science educators and the scientists also ended. 
 
The assertions made from the qualitative data were: 
 
1. Science educators’ content knowledge about the mining and mineral 
processing industries had improved as a result of participating in the 
professional development events. 
2. Science educators were willing to provide real world examples of mining and 
mineral processing and careers in the industry when it suited their specific 
teaching needs. 
3. Science educators were able to write curriculum documents and teaching 
resources using material from the professional development events. 
4. Science educators had not initiated any further contact with the scientists after 
the professional development events, even though they believed that it would 
be beneficial.   
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4.9 CONCLUSION 
 
Due to the methodology used and following analysis of the data collected, the 
research questions can now be answered. 
 
4.9.1 Valuable and Useful Data Collection Tools  
 
Using quantitative data in the form of the Feedback Survey did effectively measure 
the change in attitude of the science educators surveyed.  More importantly, when 
these results were used in conjunction with the qualitative data using the 
Clarification Tool, a clear indication emerged about why their attitudes changed.  So, 
the data collected in this research study supports the notion that using the Feedback 
Survey and the Clarification Tool together was a valuable and useful way to collect 
primary data from science educators who attended the professional development 
programs outlined in this thesis. 
 
4.9.2 Science Educators’ Content Knowledge of the Mining and Mineral 
Processing Industries after Professional Development Programs 
 
Following their attendance at the professional development programs about the 
mining and mineral processing industries, the science educators reported a change in 
their science content knowledge about the applied science associated with these 
industries.  The positive mean shift in statements 1, 14, 15 and 16 from the Feedback 
Survey supported this conclusion.  Further, the qualitative data from the Clarification 
Tool pinpointed specific content that they had gained due to the professional 
development program. The science educators felt that they had gained confidence in 
teaching the applied science due to their participation in the professional 
development program and this would benefit their students. 
 
4.9.3 Application of Content Knowledge to the Curriculum Documents 
 
The Feedback Survey provided quantitative data about the science educators’ 
application of content knowledge of the mining and mineral processing industries to 
the curriculum documents.  Statement 5 and statement 11 both had a positive mean 
 97 
shift which supports this conclusion.  However, it was the Clarification Tool that 
provided the evidence to show how the science educators made the application of the 
content knowledge to the curriculum documents after they attended the professional 
development program.  The science educators were willing to provide real world 
examples of applied science associated with the mining and mineral processing 
industries in their teaching practice from the examples that they experienced in the 
professional development program.  Because the science educators had experienced 
the work that the scientists and researchers did in the mining and mineral processing 
industries and understood it, they were willing to explore careers within those 
industries with their students.  They were also willing to adapt the content knowledge 
about the mining and mineral processing industries for their students to cater for their 
students’ learning styles.   
 
Further evidence to show that the science educators were able to apply their 
knowledge of the mining and mineral processing industries to the science curriculum 
came from the writing of the writing of the teaching resource.  The mere fact that 
they were able to write the resource is evidence in itself (APPENDIX D).  The 
resource linked the content knowledge from the mining and mineral processing 
industries with the pedagogical skills required to teach and assess the content 
knowledge.   
 
4.9.4 Content-rich Professional Development Programs and Science 
Educators’ Attitudes about the Mining and Mineral Processing 
Industries 
 
The science educators were able to report a change in their attitude towards the 
mining and mineral processing industries after they participated in the professional 
development programs.  The Feedback Survey was solely used to determine the 
answer to this research question.  All the statements in the survey tool had a positive 
mean shift after the professional development program.  However, statement 3 
specifically targeted the science educators’ change of attitude and this statement 
provided evidence that there had been a positive change in attitude.  Also, statements 
7, 4 and 10 had positive mean shifts.  This confirmed the science educators’ notion 
that the industries were high tech and that the industries responded to environmental 
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issues in an appropriate manner. These responses were also used to determine 
attitude to the mining and mineral processing industries.   
 
4.9.5 Know a Scientist or Researcher in the Mining and Mineral Processing 
Industries 
 
Finally, this research study showed that, while the science educators were able to 
form professional networks with the researchers and scientists throughout the 
duration of their PD program, they were not able to sustain these networks once they 
had returned to their normal job routine. Statement 6 from the Feedback Survey had 
the largest mean shift indicated that after the professional development program, the 
science educators had gained the researchers and scientists details if they required 
information about the mining and mineral processing industries.  Further, statement 
13 had a positive mean shift indicating that the science educators had a positive view 
of the researchers and scientists working in the mining and mineral processing 
industries. 
 
The data collected via the Clarification Tool showed that relationships with the 
researchers and scientists did not continue.  The QCAT/Education Queensland 
professional development program enabled the science educators and the scientists to 
work together and form a professional relationship during the writing of the teaching 
resource.  The data from the Clarification Tool indicated that the science educators 
believed that they benefited professionally from the interaction.  Time constraint was 
the major factor that prevented further interaction after the professional development 
program ceased.  However, they knew that they had the scientists’ details if they did 
require content knowledge about the mining and mineral processing industries in the 
future. 
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CHAPTER FIVE 
 
CONCLUSIONS AND RECOMMENDATIONS  
 
5.1  INTRODUCTION 
 
This chapter will presents a review of the thesis, summarises the chapters within the 
thesis and draws conclusions about the data collected.  It will also make 
recommendations for further research that could build upon the findings of this 
research study. 
 
There has been a decline in the number of students studying secondary science 
(Lyons & Quinn, 2010).  Further, science educators have been impacted by continual 
changes to the science curriculum (ACARA, 2010) and the role changes for science 
educators in their education systems (Rodrigues, 2004).  To keep abreast of the 
changes and to try to stem the decline in student numbers, science educators seek out 
professional development programs to cater for their own learning needs.   
 
This research study investigated professional development programs for the delivery 
of information about science and the mining and mineral processing industries to 
science teachers.  Using government and industry funding, science teachers 
participated in a range of professional development events targeting different mining 
and mineral processing industries that exposed teachers to the high-tech nature and 
career possibilities of those industries for their students.  The study traces the 
interaction of teachers involved in content-rich professional development events 
based around the mining and mineral processing industries.  In particular, the 
research study investigated the science educators’ change in the following areas:   
 
 science educators reporting an increase in content knowledge about the 
mining and mineral processing industries 
 science educators reporting a change in attitude towards the mining and 
mineral processing industries; and  
 science educators reporting an ability to form networks with scientists in 
industry and with other science teachers. 
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Primary data were collected from participants who attended professional 
development programs.  These professional development programs focused on 
science curriculum documents that link with the applied science being carried out in 
the mining and mineral processing industries.   This study focused on three different 
professional development programs and collected primary data from the science 
educators who participated.  Even though these content-rich programs were different 
in nature, the aims and focus of the professional development programs were similar 
to each other.  An initial, rich data set was collected using the Feedback Survey to 
provide quantitative data from the whole cohort of participants.  Then, the 
Clarification Tool was used to collect qualitative data from one cohort.   
 
The entire quantitative dataset from the whole cohort was tabulated, then the means 
for each statement were derived and graphed which showed that there was a distinct 
increase in the means.  Following this process, areas of interest were identified and 
examined further using the Clarification Tool.  This enabled conclusions to be drawn 
from the data and for the research questions to be answered. 
 
 
5.2 OVERVIEW OF THE RESEARCH STUDY 
 
This thesis presents the findings of the research study aimed at determining the 
outcomes of content-rich professional development programs about the mining and 
mineral processing industries.    
 
Chapter One introduces the research study and outlines its significance.   Two main 
issues for science educators are identified, those being the changes to the curriculum 
documents and the shortage of qualified people in the mining and mineral processing 
industries.  These issues run concurrently and science educators attempt to address 
them by providing authentic teaching and learning experiences for their students.  By 
attending the professional development programs, science educators become the 
participants in this research study that aimed at addressing these issues.  Further, 
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Chapter One outlines the researcher’s role in the professional development programs 
and states the research questions that the study was designed to answer. 
 
The literature review in Chapter Two outlines the theoretical basis for the research 
study.  It establishes the reasons why science educators should engage in professional 
development programs as they continue their learning journey and fulfill their 
complex role.   Science educators enter the teaching profession from a wide variety 
of backgrounds and the science content knowledge varies from educator to educator.   
This impacts on their teaching of science.  It also determines the professional 
development programs that science educators choose to attend.  This, in turn, poses 
an interesting situation for professional development providers who attempt to cater 
for the learning needs of the science educators.   
 
Reports and research about professional development models and their effectiveness 
to address these issues were examined, including Hoban’s (1997) Summary of 
Professional Development Models that identifies the strengths and weaknesses of 
each of these.  Previous research shows that for a professional development program 
to be successful, science educators need the freedom to choose programs that address 
content knowledge issues that they have identified, particularly deficiencies in their 
own content knowledge and their pedagogical skills (Harrison & Nichols, 2002; 
Wallace & Louden, 2002).  Further, the elements of the models presented in previous 
research studies that were similar to the professional development programs in this 
research study were identified and compared.  
 
Chapter Two also explores the nature of the mining and mineral processing 
industries and how this impacts on science education generally.  It also explores how 
science educators embed authentic learning experiences into their teaching practice.  
Curriculum documents make provision for such embedding of authentic science 
experiences.  Chapter Two covers how the curriculum documents can be linked to 
what actually happens in industry.  The literature suggests that when teachers link 
these documents to industry practice, it can impact on the science students who study 
mining-related science at school and at university.  This, in turn, can help to stem the 
decline in the number of students choosing to study science and could help to address 
the issue of people-shortages in the mining and mineral processing industries.   
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Chapter Two discusses the notion that science educators have a strong influence on 
their students (Churach, 2005) and that the literature suggests that this influence 
includes having an impact on the career choices that their students make.  Finally, it 
goes on to examine the literature associated with the benefits of professional 
relationships that can be fostered between science educators and scientists and 
researchers. 
 
The literature review identified a gap in research associated with content-rich 
professional development that focuses on the mining and mineral processing 
industries.  There was no previous research that:  a) specifically linked the applied 
science of the mining and mineral processing industries to the curriculum documents; 
and b) used a mixed method approach for primary data collection from the 
participants.  Further, changes in science content knowledge about these industries, 
application of the participants’ content knowledge, change in attitude, and finally 
formation of professional networks, had not been investigated.  This deficiency 
provided the impetus for the results of the investigation in this research to help close 
the gap. 
 
Chapter Three outlines the methodology used in the research study.  A flow chart 
was developed to show the progression path for the primary data collection.  Initially, 
a quantitative data collection tool (the Feedback Survey was used to collect data from 
the whole cohort.  The results from analysis of this data then determined that an 
additional phase of data collection was required. This required a different type of 
data (qualitative) to be collected and, therefore, a different mechanism (the 
Clarification Tool) had to be developed.  With the Clarification Tool the qualitative 
data were collected using written follow-up questions and interviews.  The follow-up 
questions were used to clarify the teachers’ responses to the Feedback Survey.  When 
the data from the Feedback Survey were graphed, it was evident that there was a 
greater shift in the results for some of the statements than for others.  Some of these 
statement results stood out and they were earmarked for further investigation.  This 
formed the basis for the design of the targeted interview questions in the Clarification 
Tool.  These questions were needed to help gain a greater insight into the actual 
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changes that the teachers were experiencing and to draw out the reasons behind these 
particularly interesting shifts in results. 
 
Qualitative data was collated and cross-referenced in order to obtain a consistent 
picture of the teachers’ experiences and changing perceptions.  Data reduction 
occurred by inductively identifying themes and assigning statements to those 
identified themes that refined and substantiated their validity (Cohen, Manion, & 
Morrison, 2000).  So, this became a mixed method approach for collecting data and 
provided a rich dataset for analysis. 
 
The results of the research study were presented in Chapter Four.  Results from the 
Feedback Survey are given first in both tabulated and graphical form.  Both 
presentations are used to show the shifts in the means of the results for each 
statement and each shift was analysed to address each one of the research questions.  
The qualitative data from the Clarification Tool were then invoked to make meaning 
from the Feedback Survey and fill in the gaps.  All the statements in the Feedback 
Survey had a positive shift in their mean result following the professional 
development programs.  However, the shifts in the mean for some of the statements 
were greater than for others.  Statements of interest were identified and examined 
and this enabled the quantitative data results to be fully explained. 
 
5.3 MAJOR FINDINGS OF THE STUDY 
 
The major findings of this research study are summarised in order of the research 
questions presented in Chapter One. 
 
5.3.1 Valuable and Useful Data Collection Tools 
 
The first research question proposed in this research study was: 
 
Is a mixed method approach using the Feedback Survey and the Clarification Tool a 
valuable and useful way to collect primary data from science educators attending 
professional development programs for science educators about the mining and 
mineral processing industries? 
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It can be concluded that generally the Feedback Survey was a reliable survey tool.  
The means for the results for the data collected pre-PD and post PD were statistically 
significant (p<0.001).  This confirmed that a valid approach was being used and that 
the results could be used with a high degree of confidence in the research study.   
The quantitative data collected in the Feedback Survey were tabulated and graphed 
and this presented the data in a suitable form for clearly displaying and easily 
identifying the shifts in the statement means. However, some shifts in the mean 
results were larger than others.  So the four largest shifts in the mean results and the 
smallest shift in the mean result were chosen for further investigation via the 
Clarification Tool. 
 
When the Feedback Survey and the Clarification Tool were used together, all of the 
research questions were able to be answered.  This showed that a mixed method 
approach is a valuable and useful way to collect primary data for this type of research 
study. 
 
5.3.2 Science Educators’ Content Knowledge of the Mining and Mineral 
Processing Industries after Professional Development Programs 
 
The second research question posed in this research study was: 
 
Can science educators’ knowledge of the mining and mineral processing industries 
be increased through targeted professional development? 
 
Statements from the Feedback Study were used to answer this research question.  
There was a positive shift in the means of the results for statements 1, 14, 15 and 16.  
In the Feedback Survey, science educators reported an increase in their overall 
knowledge of the mining and mineral processing industries after a PD event.  They 
also reported an increase in them becoming a better classroom teacher after a PD 
event.  From this, it can be concluded that the stated aims of the professional 
programs had been achieved.   
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The Clarification Tool contributed qualitative data to support the assertion that the 
science educators’ content knowledge had improved as a result of participating in the 
professional development programs.  Further, they were able to identify the areas of 
content that they had gained increased knowledge in and that they had gained 
confidence in teaching this content because of the knowledge that they had gained 
from participating in the professional development program. 
 
5.3.3 Application of Content Knowledge to the Curriculum Documents 
 
The third research question posed in this research study was: 
 
Are science educators able to apply their knowledge of the mining and mineral 
processing industries to science curriculum after their engagement in professional 
development programs about science content in the mining and mineral processing 
industries? 
 
Data used to answer this research question could not be drawn solely from the 
Feedback Survey.  However, post-PD, there was a positive shift in the mean result 
for statement 5 (I use examples of the mining and mineral resource industry in my 
classes frequently).  It can be concluded that after the professional development 
program, the science educators had been shown examples that they could now use.  
Also, there was a positive shift in the mean result for statement 11.  After the 
professional development program, the science educators agreed that better 
understanding of the mining and mineral processing industries could be gained from 
hands-on activities.   
 
To understand exactly how the science educators applied the content knowledge 
about the mining and mineral processing industries to the curriculum documents, 
qualitative data was drawn from the Clarification Tool.  Statements from the science 
educators were used to support the assertion that they were willing to provide real 
world examples of mining and mineral processing industries when it suited their 
specific teaching needs.  Further, the Clarification Tool provided evidence that they 
were able to write curriculum documents and teaching resources using content 
gained from the professional development programs.  
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5.3.4 Content-rich Professional Development Programs and Science 
Educators’ Attitudes about the Mining and Mineral Processing 
Industries  
 
The fourth research question posed in this research study was: 
 
Can content-rich professional development programs about the mining and mineral 
processing industries change science educators’ attitudes about the mining and 
mineral processing industries?   
 
Data from the Feedback Survey were used to answer this research question.  
Statement 3 directly addressed the issue of attitude.  There was a positive shift in the 
mean result for this statement and this can be interpreted that the professional 
development programs increased the science educators’ positive view of the mining 
and mineral processing industries.   Other positive shifts in the mean results from the 
Feedback Survey for statement 7 – High tech industry, statement 4 – Help 
environment and statement 9 – Talk to colleagues also provides evidence that the 
science educators had a post-PD change of attitude about the mining and mineral 
processing industries.   
 
5.3.5 Know a Scientist or Researcher in the Mining and Mineral Processing 
Industries 
 
The fifth research question posed in this research study was: 
  
Are science educators able to form professional networks with scientists working in 
the mining and mineral processing industries? 
 
The largest positive shift in the mean result in the whole Feedback Survey was for 
statement 6 – Knows a scientist.  This could be due to the structure of the 
professional development program and the interactions during the program between 
the science educators and the scientists working in the mining and mineral 
processing industries.   The scientists gave the science educators their contact details 
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and encouraged them to stay in touch.  They stated that if the science educators 
required any further information about the mining and mineral processing industries 
that they would supply it for them.  
 
The Clarification Tool was also used to answer this research question.  The science 
educators in the QCAT/Education Queensland cohort enjoyed the interaction with 
the scientists.  They used the scientists as a sounding board to check that their 
content about the mining and mineral processing industries was correct and that it 
was appropriate to go into the teaching resource.  However, when the teaching 
resource was written and the program came to an end, the teachers did not feel the 
need to remain in contact with the scientists.  However, they did appreciate the fact 
that they knew where to contact a scientist if they needed to confer with one in the 
future. 
 
5.4 IMPLICATIONS OF THE RESEARCH STUDY FOR SCIENCE 
EDUCATORS 
 
Change is always part of the science education landscape.  A substantial change that 
is coming for all senior science educators in Australia is the roll-out of the Australian 
Curriculum for the senior science subjects of Physics, Chemistry, Biology, and Earth 
and Environmental Science.  While Physics, Chemistry and Biology are already 
similar to the existing senior sciences, Earth and Environmental Science is 
considered to be different and is a new subject.  Specialised Earth and Environmental 
Science teachers will be required to teach this new subject and Professional 
Development will be required for teachers already in education systems to teach this 
new subject.  Content-rich professional development programs about the mining and 
mineral processing industries that link to the curriculum documents could be seen as 
a viable option for these teachers to give them confidence to teach the new subject.  
Further, universities will need to offer courses for their pre-service teachers who are 
intending to teach Earth and Environmental Science.  The findings from this research 
study could help to ensure that professional development providers plan the required 
professional development programs for these science educators.    The Feedback 
Survey, used in parallel with the Clarification Tool, would provide valuable insight 
into the effectiveness of any professional development program 
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A key finding was that science educators found it very beneficial to develop a 
relationship with an industry professional.  However, once the professional 
development program ceased, they found it very difficult to maintain this 
relationship.  The main obstacle was time – they found that the amount of time 
required to keep in touch with, and organise school visits by, the industry 
professionals encroached excessively into their school work hours.  Also, because 
industry involvement is not catered for in the current curriculum, it is very hard to 
justify allocating time to maintaining these relationships. 
 
5.5 IMPLICATIONS OF THE RESEARCH STUDY FOR 
PROFESSIONAL DEVELOPMENT PROVIDERS 
 
One of the aims for each of the professional development programs that were 
investigated in this research study was to bring science educators and scientists 
together.  They were encouraged to form long-lasting professional relationships so 
that the science educators had a “go to” person to contact if they required further 
content knowledge about the applied science in the mining and mineral processing 
industries.  The applied science from the mining and mineral processing industries 
could then be embedded into the teachers’ teaching documents and resources.  The 
science educators in the QCAT/Education Queensland cohort did interact with the 
scientists during the course of the program, but this did not continue after the 
program was completed.   Professional development providers could keep the 
support in place for the science educators and the scientists after the professional 
development program is finished.      
 
5.6 LIMITATIONS OF THE STUDY 
 
The professional development programs examined in this research study were 
innovative.  The professional development providers made a considered effort to 
ensure that the participants had many opportunities to engage and participate in 
enriching hands-on learning experiences. The science educators were willing 
participants and enjoyed the interaction between them and the scientists.  There were 
however, some limitations to the research study that collected primary data from the 
science educators and these limitations will now be identified.     
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To attend the professional development programs, the science educators had to either 
take time off away from their classes or attend in their own time.  Both of these 
scenarios are prohibitive and not all science educators could attend, even if they had 
wanted to.  From a research point of view, this limited the sample size of the 
participants in the study.  In turn, if the sample size is limited, it may affect the 
representativeness of the results. 
 
The Feedback Survey was used to collect quantitative data from the whole cohort.  
However, the qualitative data were only collected from the QCAT/Education 
Queensland cohort.  This may affect the representativeness of the qualitative data 
sample.  Further, time constraints applied to the researcher and conducting interviews 
are time-demanding for both interviewer and interviewee.   
 
As the research study finished at the same time the professional development 
programs did, there is no way to do further follow-up work on the effectiveness of 
the professional development events.  Therefore, it is difficult to know whether the 
positive shifts in the mean result continued after the professional development 
programs ended.  Further, the research study ended at the point where a resource was 
written for teachers to implement in their classrooms – further research could be 
done into how the delivery of the resource in the classroom progressed. 
 
5.7 FUTURE RESEARCH 
 
The sample size in this research study was 111 participants.  A larger number of 
participants in the study to collect both quantitative and qualitative data cold broaden 
the scope of the research.  Future research could collect data from other disparate 
groups, not just from Australia and USA.  Non-English-speaking counties could also 
be included in the dataset and so could data collection from developing countries 
which are resource rich and are attempting to establish mining and mineral 
processing industries.    
 
The statements on the Feedback Survey were grouped to enable the research 
questions for this research study to be answered.  In addition, when more data were 
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required, the Clarification Tool was used to collect qualitative data relating to the 
themes of the research questions.  The Feedback Survey is a valuable qualitative data 
collection tool and can be used in a flexible way.  However, It could be extended and 
used for other research studies about the mining and mineral processing industries 
that have different research focii.  The statements could be grouped in multiple ways 
to develop themes for research and each statement could be investigated in greater 
depth in line with those themes. 
 
5.8 FINAL COMMENTS 
 
This research study assessed the impact of content-rich professional development 
events on science educators’ attitudes towards the mining and mineral processing 
industries.  The quantitative and qualitative data collected showed a positive change 
in attitude across all statements in the Feedback Survey (to varying extents) and the 
Clarification Tool gave reasons why the changes occurred.  The Clarification Tool 
added information that would not have otherwise been available and the mixed 
method approach was tailored to probe the themes that were identified in more detail. 
This method of data collection would be recommended for this type of research 
study.   
 
The teachers were willing to use examples from the mining and mineral processing 
industries to illustrate how science is used in the real world.  They talked about 
careers in the mining and mineral processing industries if it complemented the unit of 
work that they were currently teaching.  The teachers were able to write curriculum 
documents using the content knowledge from the professional development events 
and tailored this to the learning needs of their students.  The teachers had not 
contacted the scientists after the project had finished, but indicated that they would if 
they required any further content knowledge.      
 
Even though “Working Scientifically” is a requirement of the new science syllabus, 
teachers often find it difficult to find relevant examples to enhance their teaching.  
The professional development associated with this project definitely captured and 
motivated the teachers. They developed a resource that is being shared with other 
science teachers and, in doing so, this encourages other teachers to interact with 
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scientists in their local community.  In the quest to find real life examples of 
scientists and their work and to use these examples in their teaching practice, the 
teachers in this study have made an attitudinal change towards the mining and 
mineral processing industries. When science teachers interact with scientists, they 
use the experience they gain to enhance their classroom practice.  
 
Using both quantitative and qualitative data give science education researchers a 
method of measuring the change in science teachers’ attitudes towards the content 
presented at professional development events.  If teachers have support, they gain 
confidence to teach science using up-to-date, real-life experiences.  
 
Finally, even though it is disappointing to note that no further interaction (that the 
researcher knew about) continued once the QCAT/Education Queensland 
professional development program finished, the teachers from the QCAT/Education 
Queensland cohort who were part of the writing team continued to use it when they 
taught their unit of work.  The teaching resource was made available to the other 
Education Queensland teachers and was distributed by the SSO.  The SSO gave a 
presentation at a science teachers’ conference and the SSO and one other member of 
the writing team presented the resource to the science teachers.  The resource was 
made available at the end of the presentation session for other science teachers to 
use.   
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Assessment of teacher professional development as a change agent for 
the mining and mineral processing industries. 
 
The aim of this research project is to determine the most appropriate model for 
the delivery of information about science and industry to science teachers to 
ensure that there is a positive change in student learning.  Data for this study 
will be collected from both science teachers and their students.   
 
Science teachers will be asked to provide some or all of the following: 
 Survey 
 Descriptive answers 
 Interviews 
 Unit plans 
 Assessment items 
 
Students will be asked to provide some or all of the following: 
 Pre- and post tests 
 Assessment scripts 
 Interviews 
 
All data collected will be confidential and stored securely at the Science, 
Maths Education Centre (SMEC) for a period of five years.  The data 
collected will only be used for the purpose of this survey.  The 
researcher and her supervisors are the only persons who will have 
access to the data collected.  Persons participating in the study will not 
be identified in any published material.   
 
Participation in this study is completely voluntary and participants are at 
liberty to withdraw at any time without prejudice or negative 
consequences.  
 
Further information about this study can be obtained from: 
Di Nichols 
Biloela State High School 
Locked Bag 2 
Biloela 4715 
 
Dan Churach 
Centre for Sustainable 
Resource Processing 
PO Box 1130  
Bentley, WA 6102  
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If participants wish to make a complaint on ethical grounds about the 
collection of data they should contact:  
 
Secretary of Human Research Ethics Committee – Curtin University of 
Technology.   
 
This project has been approved by the Curtin University Human Research Ethics 
Committee.   
 
 
 
Consent Form 
 
Assessment of teacher professional development as a change agent for the mining 
and mineral processing industries. 
 
I ___________________________ (Name)  
 
Have been informed of and understand the purposes of the study have been given 
an opportunity to ask questions. I understand that I can withdraw at any time 
without prejudice and that any information which might potentially identify me will 
not be used in published material. I therefore agree to participate in the study as 
outlined to me. 
 
 
 
 
Signature ______________________          Date ________________ 
 
Signature of Parent (if participant is a student)  __________________ 
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GAMSET / CSRP / Murdoch Teacher Professional Development  
Program Feedback Survey 
We am gathering data in an attempt to measure the effectiveness of the GAMSET / CSRP / 
Murdoch University Teacher Professional Development activities. Please take a few minutes to 
complete the following series of questions concerning your attitudes towards the Mining and 
Mineral Resource industry and how these attitudes may have changed after your participation in 
our Teacher Professional Development Program.   
You are asked to respond to each of the following statements twice, firstly from the perspective you 
had before the Mineral Processing Professional Development work you have done and secondly 
from your perspective today after having participated in one or more of these events.   
Your feedback will help to make our professional development work more supportive of you and 
other teachers in the future.  
Thank you in advance for your input. You can follow the on-going report of our research at the 
Centre for Sustainable Resource Processing website at http://www.csrp.com.au/. 
Regards, 
Di Nichols and Dan Churach 
 
1. NAME _____________________________________  SCHOOL 
________________________________ 
         (optional) 
How many GAMSET / CSRP / Murdoch Professional Development  
Events have you participated in to date? Tick the boxes that apply.   
 
Intro Session at QAL,  July 2005     Copper Lecture/Talk, November 2005    
Aluminium through the Looking Glass Lecture, June 2006   
Any GAMSET activity? 
___________________________________________________ S
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My overall knowledge of the Mining and Mineral 
Resource industry is very extensive?  
1. Before the first PD 1 2 3 4 5 
 2. Today 1 2 3 4 5 
I believe that careers in the Mining and Mineral Resource 
industry are worthwhile recommending to my students. 
3. Before the first PD 1 2 3 4 5 
 4. Today 1 2 3 4 5 
I have a very positive attitude towards the Mining and 
Mineral Resource industry in Australia. 
5. Before the first PD 1 2 3 4 5 
 6. Today 1 2 3 4 5 
I believe an excellent way to solve environmental 
problems can be found through Mining and Mineral 
Resource research. 
7. Before the first PD 1 2 3 4 5 
 8. Today 1 2 3 4 5 
I use examples of the Mining and Mineral Resource 
industry in my classes frequently. 
9. Before the first PD 1 2 3 4 5 
 10. Today 1 2 3 4 5 
I know a scientist I can e-mail or phone to get 
information concerning a mineral processing or chemistry 
question. 
11. Before the first PD 1 2 3 4 5 
 12. Today 1 2 3 4 5 
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PLEASE TURN THE PAGE TO COMPLETE THE OTHER SIDE… 
 
 
THANK YOU FOR YOUR PARTICIPATION. 
If you would like to know more about our research, please contact Di Nichols 
(dnich25@eq.edu.au)  
or 
Dan Churach (dan.churach@csrp.com.au) or visit our website at http://www.csrp.com.au/. 
2.  
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I consider a Mining and Mineral Resource in Australia to 
be a modern, high-tech industry. 
13. Before the first PD 1 2 3 4 5 
 14. Today 1 2 3 4 5 
I think that a Mining and Mineral Resource industry 
offers an exciting career path for young people. 
15. Before the first PD 1 2 3 4 5 
 16. Today 1 2 3 4 5 
I talk to colleagues and friends about issues concerning 
the Mining and Mineral Resource industry in Australia. 
17. Before the first PD 1 2 3 4 5 
 18. Today 1 2 3 4 5 
I believed that people in the Mining and Mineral 
Resource industry care about the natural environment. 
19. Before the first PD 1 2 3 4 5 
 20. Today 1 2 3 4 5 
The more teachers do hands-on activities, the better they 
will understand the Mining and Mineral Resource 
industry. 
21. Before the first PD 1 2 3 4 5 
 22. Today 1 2 3 4 5 
I provide information to students concerning the 
possibility of a Mining and Mineral Resource major at 
university. 
23. Before the first PD 1 2 3 4 5 
 24. Today 1 2 3 4 5 
I have a positive view of career researchers and scientists 
in Mining and Mineral Resource industry. 
25. Before the first PD 1 2 3 4 5 
 26. Today 1 2 3 4 5 
Getting a bit of an “inside view” of the Mining and 
Mineral Resource industry makes me a better teacher. 
27. Before the first PD 1 2 3 4 5 
 28. Today 1 2 3 4 5 
Getting a bit of an “inside view” of any Australian 
industry makes me a better teacher. 
29. Before the first PD 1 2 3 4 5 
 30. Today 1 2 3 4 5 
PDs that offer a maximum amount of science content-
oriented material make me a better classroom teacher. 
31. Before the first PD 1 2 3 4 5 
 32. Today 1 2 3 4 5 
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Qualitative Data for Assertions 
 
1. Teachers’ content knowledge about the mining and mineral processing industries had improved as a result of participating in the professional development events. 
 
Science Educator 
(Coded) 
Source Date Quote 
MW Follow-up 
questions 
(Phase 2, 
Part 1) 
25.07.07 I felt more confident about teaching the Earth science unit because of the knowledge that I had gained from 
the workshops. 
HH Follow-up 
questions 
(Phase 2, 
Part 1) 
25.07.07 My knowledge about mining had improved.  I believe this to be a direct benefit to my students as I am able 
now use this knowledge in class when I am teaching the units. 
AA Follow-up 
questions 
(Phase 2, 
Part 1) 
25.07.07 I had never heard of gasification 
AA Interview 
(Phase 2, 
Part 2) 
04.04.08 I can see links with my classroom teaching.  What goes on here and the things [knowledge] that I can take 
back and use in the classroom. 
DP Interview 
during the 
writing of 
the resource 
(Phase 2, 
Part 3) 
01.12.08 Makes it more real not just theoretical when they see results – it is more meaningful 
 
When you first go you don’t know what it was leading to when they talked about coal gasification. I felt it 
wasn’t relevant to my primary school context.  
 
There are benefits – talking with other teachers who teach science in primary schools and when you have 
primary schools where many teachers don’t seem to put much emphasis in science (they are not trained and 
so don’t feel confident). They load the course with SOSE. 
GH Interview 
(Phase 2, 
Part 2) 
04.04.08 Seeing different kinds of science, seeing students and what they had learnt at launch was inspirational / 
encouraged use of the unit. 
I have seen different kinds of science and learnt much about mining. 
MG Interview 
(Phase 2, 
Part 2) 
04.04.08 Gave rigor and scientific validity to task. 
RR Follow-up 
questions 
25.07.08 Gained good science teaching ideas and easy access to resources 
I was exposed to the new concept of ‘clean coal’  
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(Phase 2, 
Part 1) 
Learnt basic greenhouse information 
RH Follow-up 
questions 
(Phase 2, 
Part 1) 
25.07.07 Talk to scientists, different (great ideas, broaden knowledge learning, networking with teachers) 
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2. Teachers were willing to provide real world examples of mining and mineral processing when it suited their specific teaching needs. 
 
Science Educator 
(Coded) 
Source Date Quote 
CM Interview 
(Phase 2, 
Part 2) 
04.04.08 Real life learning about mining gives enriched learning experiences for students. 
 
AA Follow-up 
questions 
(Phase 2, 
Part 1) 
25.07.07 After touring the QCAT facility, I now see what scientists are doing and understand how they work. 
DR Interview 
(Phase 2, 
Part 2) 
04.04.08 Teachers are able to use the information to cater for the different learning styles and learning needs in their 
classes. 
Watch and talk about (students could have scribes) 
Supports negotiated curriculum 
Catering for learning styles and bringing this to life. 
Also allows for students with learning disabilities to participate when they see things – others can scribe for 
them. 
Vital to have literacy activities embedded in science 
DP Interview 
during the 
writing of 
the resource 
(Phase 2, 
Part 3) 
01.12.08 More room is required for students do the activities about mining.  
I try to focus on questions and essential learnings. More space for what the kids do is required. 
JP Follow-up 
questions 
(Phase 2, 
Part 1) 
25.07.07 When I get the question ‘what’s the point of this?’ or how do we know that?’ we talk about how scientists 
discovered things. 
ES Interview 
during the 
writing of 
the resource 
(Phase 2, 
Part 3) 
01.12.08 Modelling greenhouse was modified to show temperature rise and fall to show retention of heat. 
Set prac used with modifications in year 8 
My students are engaging with concepts about mining and I find that planning hands-on activities for the 
student is very beneficial. 
DF Interview 
(Phase 2, 
04.04.08 That’s the whole point – they are in school.  I’m often talking to them about academic success to make kids 
realize that some people do the activities, e.g. in science, for their work…point out people can pursue their 
  131 
Part 2) passions as a career. 
RH Interview 
(Phase 2, 
Part 2) 
04.04.08 Co-ordination of teachers / logistics.  The accuracy of science in the resources is important and the 
scientists can provide that.  Teachers need to convert that for their students.  Teachers know their students’ 
level of comprehension. 
MW Follow-up 
questions 
(Phase 2, 
Part 1) 
25.07.07 I like to use real examples of what scientists are doing when it relates to my teaching topic.  The 
interactions with these scientists has allowed me to do that. 
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3. Teachers were able to write curriculum documents and teaching resources using material from the professional development events. 
 
Science Educator 
(Coded) 
Source Date Quote 
DP Interview 
during the 
writing of 
the resource 
(Phase 2, 
Part 3) 
01.12.08 Would link to things he does. Weather unit fits in. 
ES Interview 
during the 
writing of 
the resource 
(Phase 2, 
Part 3) 
01.12.08 The components of the CD have been used to re-develop a Year 9 unit. 
 
Given the nature of the unit tasks of the unit tasks we have written, we are able to adapt assessment tasks to 
fit the new content about mining and the processing of minerals.  
JP Interview 
during the 
writing of 
the resource 
(Phase 2, 
Part 3) 
01.12.08 Used in Year 9 Dynamic earth Unit 
We fit some of the activities into assessment (greenhouse diagram activity) and did Greenhouse experiment 
 
MG Interview 
during the 
writing of 
the resource 
(Phase 2, 
Part 3) 
01.12.08 I used filters as major assessment item for the unit. It was good because it incorporated technology and 
science. 
 
I changed the activities for literacy rotations, depending on whether they were independent or teacher 
guided activities. I used different materials for experiments 
 
I feel confident in writing teacher resources about mining.  I changed some old activities to suit the new 
content 
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4. Teachers had not initiated any further contact with the scientists 
 
Science Educator 
(Coded) 
Source Date Quote 
AA Follow-up 
questions 
(Phase 2, 
Part 1) 
25.07.07 I gained a fuller understanding of what QCAT does and what happens here.  I can see that links can be 
developed between the school and QCAT. 
AB Follow-up 
questions 
(Phase 2, 
Part 1) 
25.07.07 The scientists at QCAT are busy and I haven’t had time to contact them either. 
DP Follow-up 
questions 
(Phase 2, 
Part 1) 
25.07.07 That’s the whole point – we are in school and the scientists are working at QCAT.  We are both really 
busy. 
 
ES Interview 
during the 
writing of 
the resource 
(Phase 2, 
Part 3) 
01.12.08 Opportunities for staff to work with scientists/researchers. Opens eyes of teachers/students to topical 
environmental science issues. Career paths are explored. 
 
Would be good to have 3 or 4 career snapshots in next release. 
 
AC Follow-up 
questions 
(Phase 2, 
Part 1) 
25.07.07 I was interested in the scientist’s background and how they became involved in their career.  These is good 
direction for students. 
JP Interview 
during the 
writing of 
the resource 
(Phase 2, 
Part 3) 
01.12.08 When I get the question ‘what’s the point of this’ or ‘how do we know that’ we talk about how scientists 
discovered things. We also discuss cool science jobs regularly. I try to be enthusiastic and encourage the 
students who have inquisitive minds to pursue science. 
 
MG Interview 
(Phase 2, 
Part 2) 
04.04.08 Time consuming topic complex for primary – teachers need lots of background support to teach.  
 
Personal networks, professional development, reputation as a leader as science educator, links with 
scientists/community, middle phase links with high school. 
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RR Follow-up 
questions 
(Phase 2, 
Part 1) 
25.07.07 Its handy to have access to materials eg coal if I need it. 
Access own scientists for support 
RH Follow-up 
questions 
(Phase 2, 
Part 1) 
25.07.07 Access to the scientists and their knowledge is valuable and I know where to contact if I need to. 
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